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APPENDIX E

RESPONSES TO PUBLIC REVIEW COMMENTS

The  U.S.  Environmental  Protection  Agency  (EPA)  published  a  Notice  of 
Availability   (NOA)   for   the  Draft  Supplemental  Environmental   Impact   Statement 
(DSEIS) for the Cassini mission in the Federal Register on April 11, 1997 (62 F.R. 17810). 
The DSEIS was distributed by NASA, along with supporting documentation (HNUS 
1997), to over 150 potentially interested Federal, State and local agencies, organizations,
and individuals.  The public review and comment period closed on May 27, 1997. A total
 of 16 comment letters were received:  3  from  Federal  agencies,  1  from an organization,
  and 12 from individuals.

This appendix provides specific responses to the comments received from the
agencies, the organization, and the individuals listed in Table E-1.  Copies of the
comment letters are presented in the following pages.  The relevant issues in each
comment letter are marked and numbered for identification along with the National
Aeronautics and Space Administration’s (NASA) response to each issue.  Where a
comment resulted in a change in the text of the SEIS, it is so noted in the response.

The comments received address a number of issues, including, but not  
necessarily limited to:

• the use of solar technology for the Cassini mission
• the properties of plutonium (e.g. , toxicity)
• the ability of the RTGs to survive reentry
• emergency response plans
• availability of baseline assumptions and analyses

In addition, for those commentors requesting more in-depth background
information on the analyses, NASA has forwarded a copy of the Final SEIS and a copy of
the recently available Safety Analysis Reports (SARs).  The SARs provide an in-depth
discussion of the assumptions and methodologies used to develop the consequences
reported in this SEIS.
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Table E-1  Agencies and Individuals Providing Comments

Commentor
Number

Date of
Comment

Organization Individual Presenting
Comment

A 5/8/97 Department of the Air
Force

Olin C. Miller

B 5/20/97 Department of the Interior James H. Lee

C 5/27/97 Environmental Protection
Agency

Richard E. Sanderson

1 4/14/97 Private Citizen Dr. MaryAnn Lawrence

2 5/23/97 Private Citizen Russell D. Hoffman

3 5/21/97 Private Citizen Gary L. Bennett

4 5/21/97 Private Citizens Anthony Ehrlich and
Harvey Baker

5 5/24/97 Private Citizen John Robert Lehman

6 5/21/97 Private Citizen Marc M. Cohen

7 5/23/97 Private Citizen Thomas W. Chao

8 5/22/97 Private Citizen Victoria Nichols

9 5/3/97 Private Citizen Dorothy Scott Smith

10 5/19/97 Private Citizen Jeanna D. Vicini

11 5/23/97 Private Citizen Margaret N. Spallone

12 4/11/97 Private Citizen Edward D. Ramsberger

13 4/29/97 Florida Southwest Peace
Education Coalition

Malcolm Chubb
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Comment Number A-1

Additional copies of the Draft Supplemental EIS were provided to the 45th Space
Wing for use by its Safety Office and Radiation Office.

Comment Number A-2

The safety analysis conducted for the Cassini mission encompasses all the
accident environments that were present during the Delta failure.  Scenarios related to
launch pad accidents took into consideration the observed dispersal plumes associated
with the Delta solid rocket motor propellant fires.

Comment Number A-3

A Phase 0 and Phase 1 accident could potentially affect CCAS and its ability to
launch Department of Defense (DOD) missions.  This eventuality is addressed in the
contingency planning process for the Cassini mission and in CCASspecific
radiological protection plans.  In the unlikely event of such an accident, the
contamination levels would be assessed and the appropriate cleanup response
measures initiated to restore the affected portions of CCAS to mission-capable status in
a timely fashion.

Comment Number A-4

The June 1995 Cassini EIS provided a table (Table 4-20) which is useful in
comparing Cassini mission risks with various fatality risks in the U.S.

Comment Number A-5

A Record of Decision will be issued at the completion of the NEPA process with
the Final SEIS serving as a primary input document.
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Thank you for your letter.
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Comment Number C-1

The recently available Cassini Mission Safety Analysis Reports (SARs) (LMM&S
a-j; EG&G 1997) have been forwarded to the commentor.  The SARs provide detailed
descriptions of the suite of atmospheric transport and diffusion models, the modeling
assumptions, and the methodology implemented for the nuclear safety analysis.  This
information can be found in the Nuclear Risk Analysis Document Appendices, Volume
III, Book 2 (LMM&S e):

Appendix F: SATRAP Model Description
Appendix G: GEOTRAP Model Description
Appendix H: HIAD Model Description
Appendix I: PARDOS Model Description
Appendix J: PUFF Plume Rise Model

The population data for the KSC/CCAS region, defined by a 200 kmx200 km
grid centered between LC-40 and LC-41 at CCAS, includes information for on-site and
off-site spectator, on-site worker, and off-site residential population groups as well as
surface type data (dry land, water, swamp, and ocean) at a 1 kmx1 km resolution. 
Other launch area data bases used in the risk analysis include pasture land, crop land,
citrus farms, ground cover, and land usage information.   Beyond the launch area grid,
population distribution information is provided in a worldwide data base, which
provides surface type and population density distributions by surface type in 720 equal
area cells.  See the RTG SAR, Volume III, Book 2, Appendices D and E (LMM&S e) for
additional information.

Comment Number C-2

The KSC/CCAS regional and worldwide population and land use data bases
used for these analyses are also presented in the document cited in C-1 above:

Appendix D: Site-Specific Demographic/Land Usage Data Description
Appendix E: Worldwide Demographic, Surface Type, and Meteorological Data

Comment Number C-3

Available verification of the modeling is contained in the SAR Volume III, Book 2,
Appendices F, G, H and J, (LMM&S e).

Comment Number C-4

It should be noted, at the outset, that the EPA’s Office of Radiation and Indoor
Air is a participant in emergency planning for the Cassini mission.   Radiological
contingency plans are being developed by NASA/KSC and USAF/CCAS in accordance
with the Federal Radiological Emergency Response Plan (FRERP) to address specifically



RESPONSES TO COMMENTS
Commentor C:  United States Environmental Protection Agency

E-17

the initial response that would be required in the unlikely event of an accident affecting
the launch site.  Similar plans already exist at the State and county (Brevard) levels in
Florida, and are in the process of being updated for the Cassini mission.  The
NASA/USAF and State of Florida plans are also being closely coordinated with the
USDOE, which maintains its own set of emergency response instructions for
radiological accidents of many kinds, to ensure a coordinated initial response to any
accident.

In addition NASA/KSC and the DOE are coordinating closely with the State of
Florida on development of recommended protective actions that could be implemented
in the unlikely event of a release of radioactive material, both for the launch site and for
public areas.  Because there is a large range of variables influencing the outcome of
potential accident situations, the range of protective actions can be similarly large. 
Protective actions for the general public would be announced by the State of Florida in
consideration of the specific circumstances accompanying any accident.

Further, in coordination with other Federal agencies, all contingency plans will
be in place prior to launch of the mission.  In those plans the concept of  operations for
longer-term actions such as recovery of the radioactive material and facilities are also
considered.  Long-term actions will depend on all the circumstances surrounding an
accident, and cannot be fully developed until all such circumstances have been taken
into account.  The details of the emergency response plans are independent of the
NEPA documentation for the mission. 

The objective of a probabilistic risk assessment is to determine the likelihood of
potential radiological consequences for the full range of possible pre-launch, launch,
and inadvertent EGA reentry release accidents, and to communicate the associated risks
to the decision makers and the public.  The information presented in the draft SEIS and
the accompanying HNUS technical support document (HNUS-97-0010) provides
radiological consequence results for the mean and 5-th, 50-th, 95-th, and 99-th percentile
levels.  These calculated source terms and radiological consequences are conditional on
the occurrence of a plutonium dioxide release accident, and the information
summarized by mission segment were developed from individual accident case
simulation results given in Appendix A of HNUS-97-0010.  These source term and
radiological consequence results represent credible accident outcomes determined by
the detailed modeling, and any credible worst case scenario is implicit in these results.

Comment Number C-5

The difference between the SEIS and EPA early launch accident calculations is
unrelated to a probability weighting of the results, but rather arises from the fact that
the EPA calculations do not properly account for the particle size characteristics or
vertical distribution of the plutonium dioxide release.  The hypothetical accident
scenario used in the EPA calculations involved the 99-th percentile GPHS-RTG source
term (4360 Ci) for the early launch mission segment as presented in HNUS-97-0010, and
the assumption that the total plutonium dioxide release was entirely in the form of
submicron, respirable plutonium dioxide in a puff at 10 meters.  These are not credible
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early launch accident plutonium dioxide release conditions.  The relevant information
on the early launch accident particle size distributions and the vertical plume
configurations are now presented in the SAR Addendum (LMM&S g).

As noted in the response to Comment C-4, the 99-th percentile radiological
consequences presented in Table 6-5 of HNUS-97-0010 apply given the occurrence of
the accident release.  The calculated collective dose value at the 99-th percentile level
was 7500 person-rem for early launch accidents, while the corresponding maximum
individual dose for this mission segment showed that the dose received by any
individual in the exposed population was no more than 2.2 rem.  The probability of
exceeding this radiological consequence outcome was and is 0.01 given an early launch
plutonium dioxide release accident, and the total probability was 6.3x10-6 to observe
this radiological consequence outcome during the early launch mission segment.  The
SAR Addendum provides updated and additional information, in the form of
complementary cumulative distribution functions, to estimate the possible radiological
consequence outcomes of early launch accidents at lower probabilities of occurrence,
but there are no credible accident outcomes that resemble the conditions of the
hypothetical scenario used in the EPA calculations.  Additional information is provided
in Table D-6 of Appendix D.
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Comment No. 1-1

It is not correct, as the commentor asserts, that the Cassini mission involves a
“big” risk.  The recently available Safety Analysis Reports (LMM&S a-j; EG&G 1997)
indicate that the risks are low.

The Jet Propulsion Laboratory conducted for NASA an in-depth analysis of the
available electrical power systems, including many different solar, battery, and long life
fuel cell power sources and hybrid systems to identify the most appropriate power
source for the Cassini mission (see JPL 1994,  Supporting Studies Volume 2).  This study
concluded that RTGs are the only technically feasible and available power source for the
mission.  Subsequent to this study, JPL conducted a further assessment of  the new
high-efficiency cells under development by the European Space Agency, which
reaffirmed JPL’s previous finding that solar power is not a viable option for the Cassini
mission to Saturn.  For more details please refer to Section 2.1.4 of this Final
Supplemental Environmental Impact Statement (FSEIS).

Comment No. 1-2

Cassini is an international scientific mission for peaceful purposes to benefit all
humankind.  It is not “nuclear militarization of space” as the commentor contends.
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Laugh, Cry, Be Angry, Do Something...

Draft Supplemental Environmental Impact Statement
for the Cassini Mission

Analysis of NASA Procedures (Final Version)

by Russell D. Hoffman Copyright (c) 1997

First published online Saturday, April 12th, 1997

On Monday, April 6th, 1997, NASA sent me, via Certified Mail, Return Receipt Requested, a copy of the
DRAFT SUPPLEMENTAL ENVIRONMENTAL IMPACT STATEMENT FOR THE CASSINI
MISSION (DSEIS) and an accompanying document called NUCLEAR SAFETY ANALYSES FOR
CASSINI MISSION ENVIRONMENTAL IMPACT STATEMENT PROCESS.

These two NASA documents are not good science. They are not even science. They are nothing more
than a biased review of selected data, and very little real data is actually presented.

I found my name on the back pages of the DSEIS, along with about 80 other individuals, 30
environmental, peace, and other groups, and about 30 Federal, state, and local government organizations.
A quick look where my name appears might lead you to think (as it did some of my friends) that I
endorse this DSEIS, or that I have at least been consulted. I have not been consulted and I do not
endorse these documents!

A US EPA Notice of Availability (NOA) regarding the DSEIS was published in the Federal Register on
April 11, 1997.

On May 17th, 1997 I received a letter from Mr. Earle K. Huckins III, NASA Deputy Associate
Administrator for Space Science, stating that this 36-point commentary "will be addressed in the Cassini
Final Supplemental Environmental Impact Statement and made available to the public". Fat lot of good
that's going to do! NASA should be THROWING OUT the EIS and redoing it with good science based
on the work of people such as Dr. Sternglass, Dr. Gofman, Dr. Morgan, Dr. Gould, Dr. Caldicott, and
many many others. Merely answering my questions can only go so far...

After receiving the documents, I called a former director of the Health Physics Division of Oak Ridge
National Laboratories, Dr. Karl Z. Morgan. Dr. Morgan is referred to as "the father of Health
Physics" and stands in staunch opposition to NASA's nuclear space policies.

I started to ask him about some of the claims NASA makes in the document, but he stopped me and said
it all doesn't really matter, because "it's a serious mistake to carry out such 'research'" and that all such
calculations "are a bit absurd".

What plutonium particles can do:
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Dr. Morgan explained to me that the way plutonium works is basically like this: when a particle of
plutonium lodges in the body, the localized radiation dose to the nearby living cells from one of the "fine
particles" can be 1000's of REM per year if the plutonium stays fixed in one place. If it moves around in
the body, the dose will be spread out among the cells it is in close proximity to.

At that high level of radiation, nearby cells will die, but ones a little further away will survive -- and be
irradiated, and possibly mutate into a cancerous form.

Dr. Morgan also explained that the incineration of an RTG would produce "a spectrum of sizes" and he
added "any one of them -- they could all be inhaled. I hope our government will be more cautious in using
plutonium."

This is one of the many learned scientists whom NASA is ignoring. This is someone with the facts that
NASA would rather pretend not to know.

Next, I read the DSEIS documents.

These documents supplement the original "FINAL" ENVIRONMENTAL IMPACT STATEMENT FOR
THE CASSINI MISSION. In that original document, some of the items in these two documents are more
thoroughly discussed, but generally it is still a shallow review of the overall mission risks.

These documents are missing a lot of important information. I came up with a list of items that I think
should be considered, included, or fixed. Some are major, and I suppose some are minor. But all of them
should be considered, every single one, and none should be left unconsidered. I think many of the reasons
can stand alone as a reason not to use nuclear power in space and not to fly the Cassini mission. Taken
together, I believe NASA's position is utterly indefensible.

Cassini can be stopped any time before the FINAL MOMENT when President Clinton signs off and takes
final, full, moral responsibility for this dangerous and ill-conceived mission and someone pushes the     button.
I would not push the button...

It is interesting to note that in every instance where I found the science appearing to be compromised, the
effect allowed NASA to fudge the figures in their favor. Every single instance. That's a pattern.

On with the list:

1:
The solar option, which has been disavowed by NASA, would allow us to do the most interesting and
important experiments which NASA is now incapable of doing with the current launch configuration.
The rings of Saturn are the most interesting reason to go to Saturn, and only a long-term visit, so we can
observe how they change over time, will really reveal anything useful. Yet NASA's Cassini mission will
end in 2004 just four years after it arrives in Saturn's vicinity! On the other hand, use of a solar option
would have meant that the spacecraft, once it got to Saturn, would be operable there for decades and
decades. Then a proper study of the rings would be possible. Failure to use the solar option has meant
that the science is not as good or as useful as it could be.

2-a
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2:
 

The solar option which NASA discounts as unmaneuverable requires either four long arms, 140 feet by
11.5 feet each or two long arms, 105 feet by 30 feet. Why isn't NASA considering a circular array
mounted on an articulated gimbal instead? The same area as NASA's solar array (6,430 square feet) can
be obtained in a 45-foot radius circle, which would be much easier to maneuver than NASA's solar
example. And lighter to build. NASA's solar option uses an archaic solar array seemingly designed for
failure!

3:
The report gives health guesses for a 50-year period. Because the half-life of Pu 238 is 87.7 years, a
500-year period or even a 1000-year period would be much more appropriate. Additionally I do not
believe NASA has accounted for a doubling, or even a 10-fold or 20-fold increase in population during
that time. These two factors alone can mean NASA's numbers are off by a factor of 100 or more.

4:
Plutonium in the food chain is covered by just one sentence in these documents and by only a few
paragraphs in the original "final" Environmental Impact Statement. They don't project past 50 years, yet
over the next few centuries this will become (after the stuff has largely settled back to earth) the most
common way that plutonium from an accident will be introduced to living beings -- especially meat-eating
humans -- again and again, as part of the food chain. Considering the projection only goes out 50 years, it
is clearly a topic that needs more proper analysis.

5:
There are few descriptions of how NASA came about the many numbers they present. Are human factors
such as reliability included when considering the chances of a failure? And the degree of accuracy in each
number NASA supplies adds a false sense of confidence. Many of them are "accurate" to three decimal
places. That is highly, highly, doubtful. Normally, scientists round these sorts of things to no more than 2

digits and a multiplier, not three digits.

An appendix containing a complete example of how they did their math would at least offer some small
proof of NASA's confidence in their guesswork. A table showing the factors considered, and their
weights, might go a long way towards earning the public's confidence in NASA's numbers.

6:
Of all the reasons NASA offers for launching Cassini in the first place, probably 99% of them would still
have been accomplished if the ultimate goal was something like MAG LEV TRAIN SYSTEMS or
INTERCONNECTING SCHOOLS THROUGH FIBER-OPTIC TECHNOLOGY. But no. Every thing
that NASA has ever accomplished or might accomplish is lobbed into "science at it's best" and the need

2-2
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for RTGs and a 'safe' nuclear space policy. 

But in reality not only would 99% of the technology still appear, but most of what wouldn't appear, isn't
wanted or needed anyway! Civilians will never need to use RTGs on earth, for example (and no one else
should). So if the mission's science benefits are largely independent of the use of the RTGs, then the
actual reasons for using the RTGs must be that much better if you are trying to use those reasons to
justify taking a risk, as NASA is required to do. And the reasons NASA has given -- the reasons that
could not be transferred to virtually any other project -- simply aren't that good.

7:
I wonder how come the maximum worst case scenario NASA describes in the DSEIS is only about 120
latent cancer deaths? 72 pounds of plutonium is just much more deadly than that! What has happened is
that before calculating what the effect of the poison will be, they have first eliminated as much as 99% or
more of the poison from the calculation. They did this several ways. First, they average the releases from
different accident scenarios. On the flyby, their worst-case averaged to a little more than 1/15th of the
total fuel pack. This averaging is an inappropriate calculation! Then, they ignore any area that will be
damaged below an EPA threshold of .2 micro Curies per square meter. This is also totally inappropriate
(more on that later). Then, they further eliminate possible "health effects" by using De Minimis (more on
that later too).

8:
NASA claims that most of the RTGs will not be incinerated even in the worst of scenarios. But they are
dealing with an object flying, burning through the air, that is already at about 1,100 degrees Celsius (and
melts at about 2,300 degrees Celsius) AND which is in a cylindrical container with COOLING FINS
which will catch the wind and burn off quickly, leaving numerous holes and cavities to rip open the RTG.
Furthermore the RTGs are some of the most dense objects man puts into space (put up by some of the
most dense... oh, never mind).

You can expect them to continue to travel at HIGH SPEED (=hotter) for a long, long time -- all the way
to Earth impact, if they don't incinerate COMPLETELY first. They'll come in "hot", they'll come in
heavy, and they can come in anywhere on Earth during the flyby. An RTG returning to Earth after a
collision with a random piece of space debris or for any other reason is a disaster whether it is entirely
incinerated in the upper atmosphere or not, but it is much more of a disaster if it is incinerated.

Even NASA's own estimates are that a very significant portion of the Pu 238 fuel will be released in the
upper atmosphere: From 32% to 34% for all the reentry cases studied (see NASA's FEIS, June 1995,
page 4-51). Of this, from 20% to 66% will be in the form of respirable particles. This is from 5 to 15
pounds of Pu 238 released at high altitude, and does not include any low-altitude and ground-level
releases. That's for a "normal" reentry scenario. Any number of events can result in an "abnormal" reentry
where more -- or even all -- of the fuel is incinerated.

9:
NASA groups flyby accidental re-entries into three broad categories, shallow, steep, and skip (leave the

2-6
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atmosphere again). But in reality each angle presents a uniquely different scenario. The shallowest angles
(that don't skip) are the most dangerous from the point of view of atmospheric incineration, while the
steepest angles are most dangerous for impacts and subsequent fuel release near Earth's surface.

At the very least, each degree should be calculated separately and the result from each calculation should
be graphed. It's thousands of numbers, and the resulting graphic should be presented, NOT just analyzed
with only NASA's theoretical interpretation of the data presented, and no data!

10:
NASA's "skip" scenario (mentioned above, in item 9) enters Earth's atmosphere but subsequently leaves
earth's gravitational pull completely. In reality, many "skip" scenarios will have the spacecraft slowed
enough to fall back to Earth in weeks, months, years -- even centuries later. Some "skip" scenarios
actually have the probe skimming through Earth's atmosphere dozens of times--sort of like skipping a
stone on the water, but it happens at the innermost portion of a huge elliptical orbital path. NASA's
"skip" scenarios appear to never fall back to Earth under any circumstances, a fallacy.

If Cassini stays in orbit around the Earth after a flyby mishap of any sort, it will continuously be subject to
the possibility of a collision with some of the existing SPACE DEBRIS and any new space debris we add
while Cassini is in orbit. Therefore, "skip" scenarios where the probe eventually falls to Earth are actually
the most dangerous. If the probe stays up for centuries, which it absolutely can do (NASA admits this)
the chances are actually good (better than 50/50) that it will collide with existing space debris, at
incredible speed and kinetic force. This would break apart the RTGs prior to upper atmosphere
incineration -- making the final incineration much more thorough and much more damaging. This is a
situation where 100% of the RTG fuel can be burned.

11:
It seems that NASA has made the assumption that all "skip" trajectories would leave a clean
(non-nuclear) vapor trail as they slice through the atmosphere. If NASA thinks this, they are wrong
because some damage will occur to the spacecraft including possibly igniting the liquid fuel component;
this damage could in turn hurt the RTGs. (But I must stress that few of NASA's actual methods are
clearly described in the DSEIS.)

12:
De Minimis is ridiculous. Since plutonium in any quantity bombards local cells with enormous amounts
of radiation, and since recent cloning experiments have shown that any cell with DNA (all but red blood
cells, essentially) is capable of producing an entire animal from embryo to adult, it should not be
considered a great leap to conclude that all cells are also capable of becoming cancerous when mutated
by radiation.

Here's the sequence: Cancer is a consequence of cell DNA mutation. Plutonium's radioactivity mutates
cell DNA. Inhaling plutonium is absolutely the most dangerous way to introduce it to lifeforms, 100's or
even 1,000's of times more dangerous than ingesting it. Cassini's Pu 238 is about 280 times more
radioactive -- yes, that means much more deadly -- than the so-called "weapons grade plutonium" which
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NASA assures us isn't being used. Incinerating plutonium at high temperature and at high altitude is
absolutely the "best" way to distribute it around the planet for subsequent inhalation. And finally,
incinerating something that starts at over 1,000 degrees Celsius and hangs out like three sore thumbs
from the space probe is just too easy.

What is a good phrase for it? You might call it a chain reaction! And when your chain runs out, you get
to be a "health effect". If Cassini fails, a lot of people's chains will run out.

And if Cassini fails, the steps to cancer are not an unlikely sequence of events -- it is what will actually
happen for thousands, possibly millions of people if Cassini fails. Possibly many millions. Vaporized
plutonium is just incredibly, unbelievably deadly. Cassini carries enough plutonium that if just 1% of it
were vaporized and then inhaled in a clinical lab situation, it would be enough to kill the entire world over
without question. All 5.8 billion of us without even using any of the plutonium twice. In any actual
accident scenario, much of the plutonium would be re-ingested many times. Make no mistake about it --
this is deadly stuff.

If Cassini fails, NASA has just three assurances for us against this threat: First: That only a little will
vaporize. This is argued throughout this document. Second: That the world's ecosystem is so vast, that
only a little of that which is vaporized will subsequently be breathed in by billions of people. But they
won't even present the number they think is valid (see item 13, below). Third: That of those who do
breath in some plutonium, only a very few will get cancer. But NASA will not use any of the dozens of
studies of the effects of minute exposure to calculate how many might actually get cancer that way.
Instead they extrapolate from a high exposure level (and relatively few cases) but the effect is not linear.
Chopping in half the dosage and doubling the exposed population, then calculating that the same number
of people will die, is not what actually happens. The more you divide it out, the more people will die.

And that's just what NASA's doing. Dividing it out. Here's some for you, and here's some for you. You
probably didn't even know NASA was carrying plutonium on board any spacecraft before you heard
about this web site, and now you think the "science" NASA will be getting will benefit you somehow? Is
"worth the risk"? Face it, my fellow couch potatoes: You'll never benefit from NASA's possible
knowledge gain, never, and hardly anyone else will either! And to gain all this "knowledge" NASA must
use lies and deceptions, because so many Americans do know the truth, and my, they are raising a stink!
But the effect is, the knowledge gain from the nuclear option for society is counterbalanced by the
knowledge lost to secrecy, lies, and confusions. NASA bad science outweighs NASA good science. And
the whole nuclear option -- we loose freedoms to not just nuclear terrorism, but to Government worries
about nuclear terrorism. We loose honesty in Government because of the cover-ups and the lies. These
we loose even if Cassini succeeds!

It's not that science isn't worth dying for, sometimes. Lots of things are worth dying for -- life, liberty, the
pursuit of happiness. But this? Is it humanly possible that we cannot draw the line? That we cannot say
"Ah ha! At last we have it! A science experiment so dangerous, of so little value, and so expensive, that
we will not do it!" Ladies and Gentlemen, this is that science experiment. This draws the line. This is nuts.

NASA assurances are hollow. The truth is, a Cassini accident can rank as one of the biggest single
manmade ecological disasters in history. Not only that, but pure chance, not fancy engineering, stands
between a successful mission and a disaster. Random pieces of space debris in near earth orbit (put there
by mankind, mostly) can impact Cassini and cause a catastrophic failure. Man's own potential failures just
add to the risk, from loose nuts in the control room to misprogrammed software programs. We've all seen
those, and anyone who writes software (including myself) knows that all software can crash and no
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program is perfect. NASA is not perfect. NASA is human (I think).

Is this how we want to challenge God, or the gods, or fate, or nature, or just -- the odds? THIS ISN'T
SCIENCE IN THE PUBLIC INTEREST. This is roulette. The public should not fund this stuff.

Let's say something unknown to mankind's sphere of knowledge killed off, over a period of a couple of
decades, one out of every 5,800 people on the planet by an ailment that manifests itself as cancer. You
cannot tell where the cancer came from. You cannot tell, but you die from it just the same. One in 5,800
is very hard to study. No one would notice that an unknown thing was happening. But 1,000,000 people
would die around the world from this thing. You would die, but you wouldn't know why. And even if you
do suspect why, you can't do anything about it, and besides, you'll be dead and can't do anything
anymore. This thing is Cassini, and it can go on killing and killing for centuries.

Cassini can do this, and you still may not be able to prove, statistically, that it happened! So if statistics
are so hard to use, and NASA has used them so badly on the health side -- do you really want to trust
them on the engineering side, especially considering all the engineering in the world won't stop a piece of
space debris from destroying the mission anyway, during the flyby (or any time, really)? How many times
do you think Fate can be tested before it gets sick of us?

There is lots of other evidence that there is NO minimum lethal dose of plutonium. Yet NASA uses
something they call De Minimis. NASA's uses this De Minimis thing as a way of adjusting the data by
eliminating "negligible" amounts of plutonium from the count. And who defines "negligible"? Why,
NASA does, of course! .001 rem. NASA doesn't care if 5 billion people get .001 rem, to them, it doesn't
count. THAT's what De Minimis and NASA's other averaging techniques does. But that's not what really
happens.

De Minimis as used by NASA is NOT a standard statistical gimmick. It is a statistical gimmick they made
up for themselves! De Minimis says (according to the way NASA uses it) that below a threshold of .001
rem per year there will be "no discernible health effects to an individual". Facts prove otherwise, so De
Minimis is ridiculous. Besides, by first limiting the area to that contaminated above 0.2 micro Curies per
square meter, NASA is taking it's ridiculous De Minimis at least twice!

13:
One of the most important numbers is missing from the report. That number is the MAXIMUM
INDIVIDUAL DOS, REM for an accident involving the RTG's during the Earth flyby. This number
would show the amount of plutonium that would be expected to be absorbed by each individual on the
planet in the event of an upper-atmosphere incineration of the RTGs.

Whenever this value should appear, instead there is a notation indicating the item is "Not available in the
current analysis." What that means is that the study was done without one of the most crucial pieces of
data! And that piece is missing from about 10 different tables (about 1/3 of the total number of tables in
the two documents). A notation in the DSEIS indicated the value will be available in the final report --
but by then it's too late to argue about it! We need it NOW! (So we can argue about it, of course!)

14:

2-12 (f)
(Continued)

2-12 (g)

2-12 (h)
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Where are the graphs? NASA claims they are using sophisticated computer modeling to produce their
report. The subcontractor company that did the Nuclear Safety Analysis used for the report, Halliburton
NUS, claims (on their web page) to be "an information age veteran... in the business of finding, storing,
and communicating vital information... since 1973."

All modern statistical packages generate beautiful three-dimensional graphics, and have for decades.
Instead NASA gives us 19th-century tables of exponential numbers! Perhaps NASA is afraid to give us a
graphic showing the plume and it's potential consequences!

By giving us good graphical depictions NASA could present us with some of the RAW DATA that they
supposedly have analyzed. Then, perhaps THE PUBLIC could make their own informed decisions. But
no. NASA gives us one or two numbers which actually represent complex functions, and where the very
act of averaging does not do any justice to the extremes. It's a way of "punching down" the data. It is
commonly used by people who want to sell you a pig in a poke. It is being used now to sell us a pig in a
poke.

15:
Why are NASA estimates of land area that might be contaminated so small? It is preposterous that only 8
or 15 square kilometers will be contaminated in a "worst case scenario" but that is what NASA's
averaging techniques and their other techniques have left us. They are going about it all wrong. A more
reasonable approach would be to figure out how BIG an area CAN be contaminated (for example, to a
50% lethal dose) with 72.3 pounds of Pu 238 particles in millions of pieces and millions of sizes, from all
altitudes and directions, and then figure out what the chances really are of that actually happening. These
are separate calculations, which should not be lumped together in a report. Nowhere is the stark reality
expressed of what 72.3 pounds of incinerated plutonium can do, least of all, in an informative
computer-generated graphic.

16:
If Cassini is as safe as NASA predicts, then why won't NASA and the United States Government insure it
properly? Instead they use the archaic and inappropriate Price-Anderson act, which limits our
international liability to just $100,000,000.00 in direct violation of an international Outer Space Treaty
we co-wrote and signed. Domestically, Price-Anderson limits liability to about $7.3 billion, also
hopelessly inadequate. If Cassini is safe, why do they limit the insurance payout at all?

17:
Even accepting (more or less) NASA's numbers is NOT a sustainable policy for safe space research (or
for plutonium disposal). Some people right now want to put 820 satellites in orbit, for example, for just
one communications project. If nukes are OKAY, then all of those might be nuclear powered. Nukes
aren't okay for one mission, and they aren't OKAY for all of them. What we really need are fiber-optic
cable systems throughout the world, not expensive, failure-prone, corporate-controlled and dangerous
satellites.

2-14
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18:
SPACE DEBRIS impacts can completely destroy the RTGs prior to (and causing) an Earth re-entry.
Where is this specific scenario analyzed?

19:
You can't just say "each person will get this" or "that" amount -- Some will get larger particles, or more
of them, and some will get less. It's a distribution. With BILLIONS of exposures, many people will
receive 10 times the "average" dose -- a few unlucky individuals -- thousands, maybe even millions of
individuals -- may even receive a hundred times the "average" dose. That's what happens when you
irradiate the world through upper-atmosphere incineration of plutonium. So the numbers need to be
"crunched" to reflect the varying sizes of the particles and the distribution of them. Any incinerating
nuclear payload from outer space -- not just Cassini but any nuclear payload -- is a fierce fireball of filthy
death.

I believe what NASA has done in averaging the doses is wrong. They have taken the amount of
plutonium they think might be released, and theoretically spread it evenly among the exposed population.
But first, they eliminate all who live where they will be exposed to a dose lower than the EPA standard
measurement value per meter (using this value at all is inappropriate, but they use it). Then they further
eliminate all those who would get less than .001 rem per year (equally inappropriate). Then they eliminate
potentially 1/2 the world population -- or more -- for no good reason, by simply using a baseline of the
expected population at the time of the flyby. But the damage will continue to occur for centuries after, or
may not even start to impact Earth for decades or centuries, and the population will continue to grow in a
world crowded today with 5.8 billion people.

Each step eliminates health effects from view.

20:
The inappropriateness of using the EPA limit mentioned above is clear when you consider study after
study has shown that there is no minimum lethal dose of plutonium. At least three different ways to study
it lead overwhelmingly to the same conclusion. First: You can study it by giving extremely small doses to
extremely large populations of laboratory animals, large enough to be able to pass standard scientific tests
of statistical significance. This is very hard to do, because you need tens of thousands, or even hundreds
of thousands (or even millions) of animals to do the study, but to as much an extent as possible, it has
been done. Second: You can study it by looking at publicly available data from health officials and
radiation monitoring officials and compare the two sets of values. Dr. Sternglass, Dr. Gofman, Dr. Gould
and many others have published numerous papers and books doing just this. Third: You can study the
possible mechanisms within the body which would allow plutonium to "do its thing" at extremely low
levels. And studies of mechanism after mechanism consistently point to the conclusion that there is no
minimum lethal dose of plutonium. Any size particle can kill you. Maybe it will, maybe it won't, but it can
and studies show that it does. Studies NASA won't use in their analysis.

21:

2-18

2-19
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NASA's use of the EPA guideline is actually even more inappropriate than described above (in item 20).
If the EPA guideline says that a cleanup need not be attempted below a certain threshold (for whatever
reason) that doesn't mean that it's just fine thank you to pollute beneath that level. But that is the logic
NASA has taken. They have taken a good thing -- an EPA standard (which may be way too high, but at
least it's something) -- and turned it into a excuse to pollute! 72 pounds of plutonium is 72 pounds of
plutonium no matter how you dress it up or spread it out. 

22:
Out of 400,000+ Ci (Curies) total amount of radioactivity in the RTGs, NASA's worst case accident
scenarios will "only" release about 26,000 Ci. Thus, NASA will not present any study on the effect of
greater than about 1/15th of the total plutonium fuel being incinerated. This is preposterous. Space
debris, as mentioned above, below, and all around the globe, can easily and randomly destroy an RTG.
Even if we accept the assumption that it is relatively unlikely that all three RTGs would be hit by space
debris (although space debris actually often does come in clusters), still, at the very least, since there are
three RTGs, NASA should show health effects for at least 133,000 Ci released in an upper-atmosphere
incineration. And at least a partial burn of the other 2 RTGs. If any of the other fuel onboard Cassini is
hit, that could then incinerate one or more RTGs. The liquid fuel being carried onboard Cassini weighs
more than entire previous probes like Galileo and Voyager (combined)! So that is perhaps 260,000 Ci --
10 times more than NASA's "average". NASA needs to show the health effects, the geopolitical
consequences, and the financial burdens of these scenarios!

We can leave it to Hollywood to show the effect of it coming down on New York City, say, on
December 31st, 1999. (It can orbit for a while before crashing, so it really can come down anywhere,
anytime.)

If Cassini is as safe as NASA claims, why can't they show a computer model of it landing on a city and
tell us how many would die! A shallow reentry, burning 1/2 the RTGs, the wind to its back so the fallout
collects and lands on Manhattan... and it lands on Time's Square, New York, December 31st, 1999... (If
I'm around, I'll probably be there, and I'll probably be passing out leaflets.) What would happen? (From
my leaflets?)

If Cassini crashed the world's biggest party: Not one building would get destroyed. But within a few
weeks: 50 million people doomed. That's what would happen. (From the initial event. Decade after
decade, people would continue to die.) Oh, and: Maybe a couple of buildings would be destroyed, too.
The RTGs will ignite anything they land on, since their "resting" temperature is about 1,100 degrees
Celsius, and they would have just flown in from outer space using air friction against blunt surfaces as
their only braking force. Okay but what are the chances of that actually happening? Zero if we don't
launch!

Why is NASA afraid to show the effect Cassini can have on any teaming metropolis on the planet? Just so
we all know what we're talking about: NASA certainly admits it can happen. Why won't they tell us what
the effect would be? Their little space probe can do all that, and it doesn't take a long chain of events,
either. One pea-sized piece of space debris alone can make this an inevitability. One single Random
Event. Cassini has a "one hit" capability on a concentrated population center that is so devastating, it
should be prevented by being prohibited.

2-21
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When did we decide we should permit underpaid and overeducated scientists (or vice-versa, or anyone
else) to risk random destruction on so vast a scale? They know they can't stop it from happening... It's
just chance. They just claim they can reduce the chance. We don't really mind letting scientists blow up
their own science labs -- fine. Have fun. Knock yourself out. But the proper way to reduce the risk to the
planet on something like this is to eliminate the possibility of it happening. The money can go towards
even higher-tech activities elsewhere.

23:
I just want to make sure that when NASA says that the RTGs will not break apart if they hit water, only
land, that they include ICE as "land". The plutonium RTGs and their subassemblies will smash into fine
particles and chunks if they impact on ice. Some would vaporize. Larger chunks and particles would melt
through the ice to solid ground, making it almost impossible to retrieve the pieces quickly in places that
are snow- and ice-covered at the time of the accident.

24:
Plutonium in the food chain is bad for people that eat food, but it should not go unnoticed (as it does in
all NASA documents) that it is also bad for the food--bad for plants, bad for animals... Mankind will not
be the only animal to get cancer and other illnesses should Cassini fail. In fact, for every human injury
there will probably be tens of thousands of animal injuries. Do we want to inflict this pain, this suffering,
on our fellow creatures, whom we have been charged with protecting, by nature of our being here at the
top of the food chain, and (supposedly) being smarter as well? Do we want to inflict this insult on our
fellow creatures, while relying on them for our sustenance, for work, for companionship? What are the
radiological consequences for cats, dogs, cows, horses, pandas, or our close friend the pig? What are the
effects on mice, rabbits, and other science experiment fodder? Then what are the effects on future science
experiments? None of this is discussed in any NASA document, and it is devastating.

25:
RTGs are NOT aerodynamic by any stretch of the imagination, and they are heavy and have a series of
pipes, valves, and other hardware. They WILL incinerate, and NASA predictions of just how much
should be taken with a healthy dose of salt (with iodine, I presume).

26:
Speaking of iodine, in the event of an accident at launch, exactly what preparations, such as storing
millions of iodine pills, has NASA taken to mitigate the effects? Since proper steps can reduce the
danger, one would think that NASA and DOE have calculated the health effects numbers on the
assumption that there will be adequate assistance from NASA after an accident.

But will NASA provide this assistance, worldwide, in a timely manner, 500 years from now when the
probe might still be capable of falling back to earth? Or will NASA provide this assistance in some
war-torn part of Africa in October, 1997, if something goes wrong during early lift-off?
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27:
Since NASA is doing a SUPPLEMENTAL analysis, I think it makes sense that NASA should study the
effects of the nuclear-payload-equipped Russian Mars '96 probe which recently incinerated, probably over
Chili and Bolivia. This will take, as NASA knows, about 500 years to study properly. But the most
crucial time to begin any study is now. And, NASA could test its cleanup procedures, starting with seeing
if NASA can even FIND a nuclear payload that's been at least partially incinerated in the upper
atmosphere, let alone seeing if NASA can actually clean up the mess. If nothing else, NASA has already
shown that they are incapable of responding quickly to a changing situation.

One would think they would want to try to find that plutonium powerpack to see how well it actually
survived re-entry. Since Russia sells us the plutonium and works with us on numerous nuclear space
projects now, the similarities are probably significant.

Yet NASA is hardly studying it at all! Nothing in the DSEIS indicates they even noticed it. As usual,
NASA is making no effort to find out the truth.

28:
There is no discussion of safe disposal of the radioactive byproducts (there are many) from isolating Pu
238. The stuff not destined for Saturn is still capable of poisoning Earth and has half-lives of around
25,000 years, and is highly radioactive. It will be NASA's responsibility for the next 500,000 years or
so. The risk entailed in that isn't described in this report, and the cost isn't in any accounting reports I've
seen, either... 10,000 years from now, even 100,000 years from now, NASA will be demanding money
from your descendants for the upkeep on its nuclear waste facility used to store the byproducts being
created today for "your" Cassini mission. That cost is not reflected in any NASA documents.

29:
Global implications (1): What if every country started to use the nuclear option? Sooner or later a firey
accident would occur which might start a war, if for example an Iranian nuclear satellite plummeted onto
Israel (or vice-versa). Nukes have no place in space! If Cassini fails, it could topple governments. If
Cassini fails, Mr. Clinton, it will certainly ruin your party!

30:
Global implications (2): Political catastrophes accompanying a failure of Cassini -- these are not discussed
in any NASA document I have seen anywhere! What is the appropriate document for these very
important considerations?

31:
Global implications (3): Although NASA describes several clean-up scenarios (costing up to
$1,000,000,000.00) it doesn't describe who will pay for this. And the costs given do not include
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loss-of-property and loss-of-life costs, just clean up costs. And where does NASA think it can put all that
poisoned dirt, anyway? Earth is a closed-loop system.

32:
Global implications (4): "No effect" is the way NASA describes the "no launch" alternative and it is the
way they have always described it. But is that correct? NOT AT ALL! $3.4 billion dollars to clean up
underfunded "Superfund" toxic waste sites, to interconnect the classrooms of America, to lay fiber-optic
cable... That's not "no effect", that's progress. And that's just the "counter-balance" to a successful
Cassini mission! If anything goes wrong, even with no release of plutonium, we're still out the money! If
we had invested in kid's education, on the other hand, we would reap the benefits for decades --
including, perhaps, even more important discoveries than anything Cassini will bring if it succeeds
completely!

33:
The DSEIS says that President Clinton has his own separate Cassini impact analysis. But it also says that
the President's document is derived from substantially the same databases as the DSEIS and its results
should be similar. Are geopolitical implications discussed in the Presidential statement? Can the public see
it? Who wrote it for the President? The same company that wrote the Nuclear Safety Analyses for Cassini
Mission Environmental Impact Statement Process? Will they give President Clinton another, unbiased
view?

34:
What NASA has presented is not DATA to support their claims -- it is just the claims. They have distilled
the information into a small set of numbers which is totally inappropriate for the complexity of the
problem. They have clipped at every angle, from who should be counted to how much plutonium they
might receive. They have held back vital information. They have used inappropriate studies of high-rem
damage to extrapolate low-level damage, and they have ignored perfectly well-researched, easy-to-obtain
reports in respected and refereed journals, reports which have shown that low-level radiation is 100's to
1,000's of times more dangerous than the large "shock treatments" of 10 to 50 rem which they choose to
study.

This draft, as written, assures us of nothing.

35:
The global model that NASA uses to do their modeling divides the world into 720 "grid boxes" of equal
size. This is not nearly enough for an accurate model since the incinerated plutonium in millions and
millions of tiny particles will be carried by the wind, which exhibits a much-too-complex behavior pattern
to determine in just 720 grid boxes. If someone were to try to prove global warming, for instance, with so
few grid boxes, they would probably be laughed out of the science halls!
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36:
NASA's contractor on the DSEIS is Halliburton NUS Corporation, a part of NUS Information Services,
Inc. They did the basic study under contract to our government. This company describes itself (at it's web
site, at the time of this writing (4/9/97)) as doing the following for a living: "Information Services' staff
members use a total of more than 50 internal and external data bases and 70 million pages of text to find
solutions for more than 660 electric generating units worldwide."

Another thing they do is run a Licensing Information Service, described by them at their web site as
"Serving the nuclear industry since 1973 with a variety of regulatory information."

But perhaps the most interesting thing they do is sell a Computer-Aided Regulatory Library. It is
described by them at their web site (at the time this was written) as: "[A] CD-ROM library full of
Nuclear Regulatory Commission documents that can be searched and manipulated in numerous ways by
the powerful [software]." Manipulated. I couldn't have said it better myself.

Clearly they are part and parcel a pro-nuclear organization masquerading as an information service. The
fox is guarding the henhouse, except here, the henhouse is mother earth. If Halliburton NUS have 70
million pages of text available to them, why oh why don't they know about the hazards of extremely low
levels of radiation to woman's breasts, to infants, and to fetuses? Why doesn't NASA know of Dr.
Sternglass's work, if this wonderful information company is so thorough at providing information? There
is not one word in the DSEIS on breast cancer, not one word on damage to fetuses, and not one word on
any specific cancers at all! All the studies were done as if the effects were universal -- the same for all
people. They aren't. Specifically, woman, fetuses and infants will suffer the greatest insult if Cassini fails.
Nowhere -- absolutely nowhere -- is this discussed in any NASA document that I can find. Certainly not
in this important one. This document only covers death, and it doesn't even do that very well. Instead it
covers-up death. It's all a shell game -- but they're using live shells!

In reality NASA's “research” just proves one thing: that NASA
does not dare to present -- or even consider -- the true possibilities
of the situation.

By Russell D. Hoffman

NASA's draft document will remain open for review until 4:30 pm, (Eastern Daylight Time) May 27th,
1997. So this important next step -- demanding more answers -- is coming to a close soon.

DON'T JUST READ THIS, DO SOMETHING!

You can order a copy of the Draft and accompanying Nuclear Safety Analyses, and the original "Final"
EIS and other NASA documents directly from NASA. Or -- since it's getting late (Cassini launches in
October, 1997) -- you can cut right to the chase and start contacting our elected officials right away.
For example, print this document, and circle the points you think are most important, and tell NASA you
will personally want to see them properly answered in NASA's upcoming SUPPLEMENTAL
ENVIRONMENTAL IMPACT STATEMENT. Send the document, with your notes, directly to NASA
before May 27th, 1997. Send a copy to your local press. Send a copy to the White House, too! And tell
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Comment No. 2-a

The commentor is referring to the “hot particle” issue raised in the 1970s.  This
issue addressed the practice of averaging the dose over the total lung mass.  This issue
was based on the premise that high dose rates to cells adjacent to radioactive particles
deposited in the lungs led to much greater cancer risks than were represented by
averaging the dose over the total lung tissue.  Experimental animal studies have
consistently refuted this premise (ICRP 1994). 

The health physics community has generally used the radiation dose model
presented in ICRP-30 which used the dose-averaging approach (ICRP 1979).  The
International Commission on Radiological Protection (ICRP) establishes
recommendations and guidelines for assessing radiation doses.  The U.S. Department of
Energy, the U.S. Nuclear Regulatory Commission (NRC) and the U.S. Environmental
Protection Agency (EPA) use these recommendations and guidelines to assess potential
radiation doses.  The concerns of Dr. Morgan and others have been taken into
consideration by the health physics community in developing the ICRP
recommendations regarding radiation dose estimates.

REFERENCES

International Commission on Radiological Protection (ICRP).  1979.  Limits for Intakes
of Radionuclides by Workers.  ICRP Publication 30.

International Commission on Radiological Protection (ICRP).  1990.  1990 Recommen-
dations of the International Commission on Radiological Protection.  ICRP
Publication 60.  1990.

International Commission on Radiological Protection.  1994.  Human Respiratory Tract
Model for Radiological Protection. (ICRP-66).

Comment No. 2-1

The Cassini mission as planned and described in Section 1.2 and 2.1 of this Final
Supplemental Environmental Impact Statement (FSEIS), and in Sections 1.2 and 2.2 of
the June 1995 Cassini Environmental Impact Statement (EIS), includes a four year tour
of the Saturnian system beginning in 2004, encompassing important investigations of
Saturn, its rings, icy satellites, and magnetosphere.  During this four year tour there will
also be intensive investigations of Saturn’s moon Titan by both the Cassini Orbiter and
the Huygens Probe.

The primary purpose of the Cassini mission is to study in detail over a four-year
period, the Saturnian system — the planet, rings, magnetosphere, and the moons,
particularly the large satellite Titan, which shares many characteristics with prebiotic
Earth.  The result of the Cassini exploration of the Saturn system will be new scientific
knowledge.  This in turn will lead to new understanding about how the solar system
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formed, how each of the planets evolved, and what conditions are necessary for life to
begin.  Cassini’s findings would also enhance our scientific knowledge for 
characterizing the forces and conditions that create and drive processes such as
volcanism and tectonics, and weather and climate changes.

The limiting factor for spacecraft operational life is the amount of attitude control
propellant, not the GPHS - RTG sources of on-board electrical power.  GPHS - RTGs
have been demonstrated to be very reliable, long-lived power sources for scientific
space exploration missions as evidenced by their performance on the Pioneer, Voyager,
Galileo, and Ulysses missions.

Please also see  response to comments 1-1 and 2-6.

Comment No. 2-2

As noted in Section 2.1.4 of both the Draft and Final SEIS, use of solar power is
not viable for the Cassini mission.  The commentor is also referred to the JPL
Supporting Study - Volume 2 (JPL 1994) referenced in Chapter 8 of both the Draft and
Final SEIS.  The Jet Propulsion Laboratory analyzed circular solar arrays for NASA
early in the development of the spacecraft design. The use of a circular solar array for
the conceptual “solar” Cassini spacecraft presented no net advantage over the linear
design depicted in the DSEIS.  Circular arrays do not “pack” solar cells as efficiently
(i.e., fewer cells per unit area, because the cells themselves are rectangular) so the area
required for equivalent cell density is greater for a circular array.  A circular array
would have to be moveable in at least two axes (as opposed to a linear array which can
be moveable in one axis) to fit within a launch vehicle payload fairing and would
require additional support structure, contributing to a mass greater than that required
for the linear array. In addition, when the circular array was pointed at the sun for
power, it would often be pointing near Earth, meaning that either the array or antenna
would need to be placed on a long deployable boom to avoid obstruction of the antenna
or instruments.  This would also constitute an additional mass element.

Comment No. 2-3

Extending the consequence analyses beyond 50 years would not yield a
substantial increase in collective dose. The estimates do not go beyond 50 years because
the availability of the radioactive material potentially released would become limited
over time.

The presence of plutonium dioxide within the environment and its availability
for exposure following an accidental release would be limited due to the insoluble
character of plutonium dioxide and the largely non-inhalable particle sizes of most
releases.  For releases within the troposphere following launch area or out-of-orbit
accidents, most of the dose to exposed populations would occur as a result of direct
inhalation during the initial plume passage and the inhalation of resuspended material
during the first year following release.
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The environmental removal mechanism of weathering would effectively remove
most of the deposited material from further interaction with the population after the
first year.  When potential long-term agricultural and garden ingestion pathways are
considered,  most of the ingestion doses result from direct deposition on above-ground
leaf surfaces following the initial plume passage.  The insoluble nature of the plutonium
dioxide renders the bioaccumlation through root uptake an ineffective contamination
mechanism.  Subsequent weathering of material from the upper soil layers through
runoff or downward percolation, removes such material from the surface.

Any high altitude release of vaporized material following an inadvertent EGA
reentry would be gradually removed from the atmosphere over a period of years,
primarily by rainout from the lower troposphere, with ground-level air concentration
peaking around 5 years following high altitude vapor release.  Again, weathering
following deposition would effectively remove such material from the environment
during subsequent years.  Any plutonium dioxide deposited in water bodies or making
its way to water bodies by runoff and weathering would be largely tied up in sediment
and removed from the water column. 

The effectiveness of such environmental removal mechanisms of plutonium
dioxide within the atmosphere has been demonstrated by fallout studies of atmospheric
nuclear weapons tests. When such factors are taken into account, extending the
exposure period beyond 50 years, and even taking population growth into account
would not significantly increase (i.e., less than 5 percent increase) collective dose.

Comment No. 2-4

The effectiveness of environmental weathering mechanisms in reducing the bio-
availability of PuO2 within the environment has been addressed in the response to
comment 2-3.

It is generally recognized that the concentrations of radionuclides released into
the environment (air, water, and soil media) increase in the lower trophic levels of the
food chain, while the sensitivity to radiation effects decrease.  The greater tolerance to
radiation effects is due in part to the shorter average lifetimes of animals which
preclude cancer development when compared to humans.

Potential impacts to flora and fauna were discussed in the Final Environmental
Impact Statement for the Galileo Mission (Tier 2), distributed by NASA in May 1989.  A
portion of that appendix is pertinent to this comment, and is summarized here.

The availability of plutonium dioxide to biota in aquatic and terrestrial
environments depends on the route of plutonium dioxide exposure to the biota and the
physical and chemical interaction of the plutonium dioxide with water and soil of the
affected area.  These interactions determine whether plutonium dioxide is available for
root uptake by plants or for ingestion and inhalation by aquatic and terrestrial fauna. 
The route of plutonium dioxide exposure differs between the two basic categories of
biota, flora and fauna.  Flora, in both aquatic and terrestrial environments, can be
exposed to plutonium dioxide contamination via surface contamination, root uptake,
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and leaf absorption.  Fauna can be exposed via skin contact, ingestion, and inhalation of
plutonium dioxide particles. 

Surface contamination and skin contact do not pose a significant danger to biota.
 The alpha radiation emitted by plutonium has very little penetration power.  Therefore,
little penetration can occur through the skin of fauna.  In addition, several studies on
root uptake and leaf absorption of plutonium dioxide indicate that very little, if any,
plutonium dioxide is absorbed by plants.

The significance of ingesting plutonium dioxide can vary between terrestrial and
aquatic fauna. Most plants have limited uptake and retention of plutonium dioxide, and
the digestive tracts of the animals studied tend to discriminate against transuranic
elements.  However, ingestion may be significant for small fauna in terms of total
exposure.  These fauna, especially those that burrow, ingest soil along with food
material.  If the soil is contaminated, ingestion of plutonium dioxide could result. 
Although the transfer factor from the intestinal tract to the blood and other organs is
small, total activity passing through the tract could be large.

The impact of ingesting plutonium dioxide by aquatic fauna can be significant
depending upon plutonium dioxide availability.  For example, studies have found that
accumulation of plutonium dioxide does occur in benthic organisms that ingest
sediments contaminated with plutonium dioxide. Inhalation is considered to be the
most critical exposure route for terrestrial fauna. 

Inhalation impact depends on several factors, including the frequency of
resuspension of plutonium dioxide, the concentration and size of resuspended particles,
and the amount actually inhaled.  Smaller particles have a greater chance than larger
particles for being resuspended and inhaled.  Although many of the particles may be
subsequently exhaled, the smallest particles have the greatest likelihood of being
retained deep in the lung.  However, resuspended material available for inhalation is on
the order of 1x10-6 of the ground deposition. Thus high levels of ground concentration
would be required to constitute a risk to animals through this route.

Generally speaking, radiation can cause three main types of physical effects on
organisms:  1) somatic injury, that is, damage to the normal morphology and
functioning of the exposed organism; 2) carcinogenic injury, that is, an increase in the
incidence of cancers; and 3) genetic injury, affecting reproductive cells and causing
deleterious genetic changes in organism offspring.  Any of these three physical effects
could cause increased mortality to exposed organisms.  Although maximally exposed
individual organisms could die as a result of these effects, overall ecosystem structure is
not expected to change, and therefore no significant ecological consequences are
anticipated.

Response to comment 2-3 addresses the reasons why the consequence analyses
were not extended beyond 50 years.

Comment No.2-5

Yes, human factors were included.  While human error is not easily quantified
and generally not included in many reliability predictions unless specific data is
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available, the Cassini RTG Databook has accounted for it as part of the uncertainty
estimates and incorporation of flight history.  Uncertainty bounds were applied to the
failure rate of each failure mode to account for process and human factors errors.  This
creates a range of failure rates that accounts for uncertainty in the estimated mean
failure rate value.  This uncertainty range is carried through the calculations to each
accident scenario probability.  Flight history is also used in the calculations which will
contain the results of human error.  The failure rates of the launch vehicle are combined
with the historical launch success/failure data to produce a refined estimate of failure
that accounts for actual flight experience.

The degree of precision reported is necessary to maintain the integrity of the
calculations.  For details of the analyses, refer to the recently available Safety Analysis
Reports (LMM&S a-j; EG&G 1997) which have been forwarded to the commentor.

Comment No. 2-6

It should be noted that Section 102(d) of the National Aeronautics and Space Act
of 1958, as amended [42 USC 2451 (d)], provides in part the following:

“(d)The aeronautical and space activities of the United States shall be conducted so as
to contribute materially to one or more of the following objectives:

(1) The expansion of human knowledge of the Earth and of phenomena in the
atmosphere and space; ***
(5) The preservation of the role of the United States as a leader in aeronautical
and space science and technology and in the application thereof to the conduct of
peaceful activities within and outside the atmosphere; ***”

The technology advances created by the U.S. investment in space exploration are
considerable.  It is a fact that spin-offs from technology development in connection with
space exploration find their way into medicine, communications, transportation, and
many other facets of our lives.

Comment No. 2-7

While there are about 73 pounds of plutonium dioxide in the Cassini spacecraft
RHUs and RTGs, the recently available Safety Analysis Reports (LMM&S a-j; EG&G
1997) show that there are no credible accident scenarios which would lead to the release
and dispersal of the full plutonium dioxide inventory.  The GPHS modules are rugged
devices and the plutonium dioxide, does not readily disperse into fine particles because
it is a ceramic material.  It should be kept in mind that the chances of an inadvertent
reentry occurring on the flyby portion of the mission are vanishingly small, about 1 in
1.25 million.

The amount of plutonium that might be released in the event of an accident has
not been underestimated as the commentor implies.  As noted in the question, the
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NASA Draft SEIS presented mean values for the potential releases that could occur in
the case of a flyby reentry, but this is not the only value reported in the Draft and Final
SEIS information.  Larger releases are also reported, but they also have lower
probabilities. In conducting the safety analysis of the potential reentry, scenarios were
analyzed thousands of times using a distribution of inputs and a sophisticated
computer program designed to capture all possible outcomes.

Contamination below 0.2 µ Ci/m2 (µMi per square meter) is not ignored.  The
health effects calculations do take into consideration contamination below this level.
The 0.2 µ Ci/m2 level is simply provided as an indication of the land contamination
areas for which the requirement for further action should be evaluated.

  The commentor suggests that NASA eliminated possible health effects by using
the concept of  “de minimis”.  The commentor is in error and should see Section 4.1 of
both the Draft and Final SEIS where it is clearly noted that de minimis was not
considered in estimating accident consequences reported in either the Draft or Final
SEIS.

Comment No. 2-8

The estimates presented in the Draft SEIS were based on the best analysis
currently available on the potential consequences of a swingby reentry accident. The
current best estimate is (LMM&S b, Vol. II, Book 1, Section 5.4.5) that on the average
only a fraction (approximately ½ kilogram) of the RTGs total plutonium dioxide
inventory would be in the form of an in-air vapor release.  While the analysis considers
a wide range of scenarios that encompass both smaller and larger in-air vapor releases,
the analysis indicates no  credible case that results in an in-air release of the RTGs full
inventory of plutonium dioxide.

Comment No. 2-9

The analysis did not involve simply selecting three categories, i.e., “shallow,
steep, and skip” trajectories.  The angles were selected to characterize the range of
angles for which one would expect the outer aeroshell to fail due to ablation and
structural loading.  The results were then used to predict whether the aeroshells would
survive or if the graphite impact shells (GISs) would be released from the aeroshells. 
Analysis was then conducted to determine the performance of the GISs during the
remainder of the reentry trajectory.  Please see the recently available Safety Analysis
Reports (LMM&S a-j; and EG&G 1997), specifically Volume II Book 1 Section 5 and
Volume II Book 2 Section E.

Comment No. 2-10

The assertion that NASA’s skip scenarios “never fall back to Earth under any
circumstances…” is incorrect.  In our analyses, all “skip” scenarios where the spacecraft
is sufficiently slowed to be captured by the Earth’s gravity field and subsequently
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reenter the Earth’s atmosphere at a later time are counted as Earth impact scenarios.
Our studies indicate that at entry angles equal to or greater than 7.32 degrees at an
entry altitude of 122 km (76 miles), the spacecraft would directly reenter the Earth’s
atmosphere.

At entry angles between 7.16 and 7.32 degrees, the spacecraft would skip out of
the atmosphere but lose enough energy to be captured by the Earth’s gravity field,
reentering after several (but not “dozens”) orbits around the Earth.  It should be noted
that if an accident were to alter the spacecraft’s trajectory into an Earth-impacting
trajectory, the probability of reentry at angles between 7.16 and 7.32 degrees is about 1
in 500 (JPL 1997).  At entry angles less than 7.16 degrees, the spacecraft skips out of the
atmosphere still at or greater than Earth escape speed, and is not subject to a short-term
reentry. In some of these skip-out scenarios, the spacecraft could still be subject to a
long term reentry (i.e. an Earth orbit crossing trajectory) probability; in other cases, the
spacecraft could  leave the Earth in a direction that would preclude any chance of a
long-term reentry.

The implication in this comment that NASA’s skip scenarios can lead to the
spacecraft being in orbit around the Earth for “centuries” is incorrect.  “Skip” scenarios
where the spacecraft is sufficiently slowed to be captured by the Earth’s gravity field
result in reentries that occur within months of the first skip.  The only condition that
could result in the spacecraft staying in orbit for “centuries” is the Sufficiently High
Orbit (SHO) maneuver.  A study of the potential effects of orbital debris on the
spacecraft in this condition concluded that the probability of the spacecraft posing a
threat to Earth due to collisions with orbital debris, either while boosting to or while in
SHO, is extremely remote.  Over the 2,000 year period of  the SHO a total of 14 hits by
orbital debris particles of 1 cm (or smaller) diameter is predicted.  To impart a rotational
speed sufficient to cause the spacecraft to come apart or to “throw off” parts would
require many more collisions than what is expected.

Similarly, to alter the spacecraft SHO to the point where other forces would
cause the orbit to decay more rapidly (a change in velocity [DV] of approximately 74.6
meter/sec), would require several thousand 1 cm diameter particle collisions, all from
the same direction, to produce this large a DV.  The probability of collision with a single
larger object is similarly remote.  Even assuming a difference in relative speed as large
as 20 km/sec., a single object would still have to have a mass of approximately 15 kg to
produce the needed DV.  At typical orbital debris velocities, it would be more likely
that the object would rip through the spacecraft, leaving the remnants in roughly the
same orbit the spacecraft was in prior to impact.  Since there are relatively few
spacecraft around the 1200 km (745 mi)  altitude, the chances of collision with another
object similar in size to Cassini is also remote, especially given that all these objects are
tracked and monitored from the ground.

Comment No. 2-11

Analysis of the skip trajectories indicates that localized heating can cause a
release of the spacecraft liquid propellants.  Ignition of the propellants, however, is not
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expected because they would be rapidly dispersed at the reentry velocities which
would prevent significant mixing of the propellants.  It is also expected that, for some of
the skip trajectories, heating can melt the aluminum case of an RTG and release the
individual GPHS modules, which could then reenter and impact the Earth.  The
outcome of such a reentry would not be different from other reentry scenarios.

Comment No. 2-12 (a) - DOE

Please see  response to comment 2-7, final paragraph.

Comment No. 2-12 (b)

The potential consequences of exposure to plutonium were addressed in
Appendix C of the June 1995 Cassini EIS.

In the comparisons made in the Draft and Final SEIS, the quantities of Pu-239 are
described in terms of curies.  A curie is a unit of activity defined in terms of a specific
number (3.7x1010) of disintegrations (decays) per second.  The 1995 Cassini EIS provides
the amount of activity released during the weapons testing program in terms of curies. 
A curie of activity from Pu-239 is equivalent to a curie of activity from Pu-238, and their
radio-biological health effects are nearly equivalent. 

Please also see response to comment 2-7, first paragraph.

Comment No. 2-12 (c) - DOE

Potential cancer induction and genetic effects are described on pages C-5 and C-6
of the June 1995 Cassini EIS.  The health effects estimator used to estimate excess cancer
fatalities reflects consideration of a range of cancer types.  The International
Commission on Radiological Protection publication, ICRP-60 (ICRP 1990), addresses
total detrimental effects, including fatal and non-fatal cancers and severe hereditary
effects, in terms of an adjusted estimator of 7.3x10-4 effects per person-rem.

The overall approach to radiation health effects has been outlined in ICRP-60,
reflecting consideration of the Committee on the Biological Effects of Ionizing Radiation
(BEIR), and United Nations Scientific Committee on the Effects of Atomic Radiation
(UNSCEAR) studies.  The conclusions in ICRP-60 represent general consensus within
the health physics community, although by no means reflective of the viewpoints of all.
 As such, the approach taken to health effects estimates in both the Draft and Final SEIS
is consistent with that taken at the Federal level regarding potential radiological
consequences of postulated radioactive releases resulting from nuclear incidents and
accidents.

There is much disagreement within the health physics community regarding the
effects of low-level radiation.  Many of the issues regarding the mentioned effects relate
to gamma radiation and are not really relevant when dealing with alpha radiation. 
While gamma radiation is associated with plutonium dioxide, its contribution to the
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dose is very small (less than 1 percent compared to that associated with alpha
radiation).

There are varying viewpoints regarding the effects of low-level ionizing
radiation.  While a multiplier effect at low doses is promoted by some, such a potential
characteristic is not supported by the general health physics community in light of
animal studies, human health effects studies, and consideration of changes in natural
background radiation from region to region (NAS 1988, NAS 1990, and ICRP 1990).

Comment No. 2-12 (d)

All potential doses were considered in estimating the accident consequences
reported in the Draft and Final SEIS.

Comment No. 2-12 (e)

The commentor’s accusations are unfounded.  The Draft and Final SEIS have
been prepared using the best available information.  See also responses to comments 2-a
and 2-36.  The commentor has been supplied with a copy of the recently available Safety
Analysis Reports (LMM&S a-j; EG&G 1997), which are referenced in this Final SEIS.

Comment No. 2-12 (f )

The comment postulates a non-credible scenario that has no plausible
relationship to the possible accidents that could occur with the Cassini mission.  Please
see response to comment 2-18.

Comment No. 2-12 (g)

There are more than 7,000 objects whose trajectories are known that orbit the
Earth within the altitude band from about 200 km (124 mi) to 40,000 km (24,800 mi). 
There is a much larger population of objects below 10 cm (about 4 inch) in size that is
also predicted within this region.  The total volume of this region is roughly 100 trillion
cubic km (24 trillion cubic mi.).  During the Cassini swingby , the spacecraft sweeps out
a volume of only 2.3 cubic km (0.55 cubic mi.).  When the appropriate particle densities
are included in the actual analysis, the probability of Cassini receiving a critical hit
(leading to an Earth impact) is calculated at 7.5x10-8 for particles of 1 gm or larger, and
at 2.2x10-5 for particles of size 1 milligram or larger.  Additionally, the spacecraft speed
is so high at this point in the mission that no collision with space debris could provide
enough energy to put the spacecraft or its RTGs on an impact course with Earth.

Comment No. 2-12 (h)

Please see response to comment 2-7 last paragraph and response to comment 2-
12 (d).
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Comment No 2-13

This Final SEIS now includes this information, which recently became available
(See Table 4-2).   It should be noted that the “maximum individual dose” refers to a
maximally exposed person in the population for each mission segment accident
simulation.  The maximum individual dose is a useful indicator of the upper limits of
radiological risk to which an individual in the population might be exposed due to an
accident; whereas the collective dose, which incorporates the maximum individual dose
as well as all lesser doses, quantifies the radiological risk in the total potentially exposed
population.  The maximum individual dose is included as part of the cumulative
population dose, which is used to estimate accident consequences. 

The commentor is incorrect in implying that the maximum individual dose
would be expected to be received by each person in the event of an upper atmosphere
release from a swingby accident.

Comment No. 2-14

The analysis performed involved simulating thousands of accident scenarios and
thousands of release scenarios.  Because it is not practical to generate a graphical
presentation for each case, the analysis proceeded on a mathematical analytical basis, as
opposed to graphical analysis.  The Safety Analysis Reports (LMM&S a-j; EG&G 1997),
which were recently completed, make extensive use of graphics to present results of the
analyses.

Comment No. 2-15

The estimates of land contamination take into consideration the physical
mechanisms that are required to distribute the released material.  The recently available
 safety analyses (LMM&S a-j; EG&G 1997) incorporated among other factors,
meteorological factors and particle size distribution of postulated releases, to distribute
the released material.  The scenario described in this comment could not happen in an
accident.  The plutonium dioxide is contained within two rugged graphite (carbon-
carbon composite) structures and encapsulated within iridium shells.  These materials
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are designed to mitigate the effects of atmospheric heating and mechanical loads
experienced during reentry and the subsequent impact event.  With respect to the
commentor’s implication that the entire inventory on board the Cassini spacecraft could
be released, there are no credible accident scenarios which would lead to the release and
dispersal of the full inventory of plutonium dioxide.

Comment No. 2-16

The comment takes out of context the monetary amounts authorized by the
Price-Anderson Act for indemnification, and confuses the indemnification authority
with insurance coverage.  The commentor is referred to the entire text of 42 USC Section
2210 for the proper context of  the monetary limitations authority of  Price-Anderson. 
Further, it should be noted that the Price-Anderson Act Amendments of 1988 (Pub. L.
100-408, 103 Stat 1066, August 20, 1988),  as amended, is the law of the United States
and does not violate treaty obligations under the Outer Space Treaty (i.e., 1967 Treaty
on Principles Governing the Activities of States in the Exploration and Use of Outer
Space, including the Moon and other Celestial Bodies).

Comment No. 2-17

Nuclear power is only used or proposed when it provides technical benefits.  The
RTG technology has a proven record of long-term reliability in space applications and is
the only power system that satisfies all the performance criteria associated with the
Cassini mission.  The satellite systems mentioned which would support commercial
communication networks do not come under NASA’s purview, but it is extremely
unlikely that any commercial vender would suggest the use of nuclear power for Earth
orbiting communication systems.  For Earth orbiting communication systems, solar
arrays are the power system of choice.  This is because the Earth is much closer to the
sun and sunlight is sufficiently intense to permit its use in Earth orbit. This is a
significantly different scenario than that for the Cassini mission where the sunlight at
Saturn is not sufficiently concentrated to permit the use of solar arrays as a power
source.

Comment No. 2-18

There are more than 7,000 objects whose trajectories are known that orbit the
Earth within the altitude band from about 200 km (124 mi) to 40,000 km (24,800 mi). 
There is a much larger population of objects below 10 cm (about 4 inch) in size that is
also predicted within this region.  The total volume of this region is roughly 100 trillion
cubic km (24 trillion cubic mi).  During the Cassini swingby, the spacecraft sweeps out a
volume of only 2.3 cubic km (0.55 cubic mi).  When the appropriate particle densities
are included in the actual analysis, the probability of Cassini receiving a critical hit is
calculated at 7.5x10-8 (about 1 in 13 million) for particles of 1 gm or larger, and at 2.2x10-5

(about 1 in 40,000) for particles of size 1 milligram or larger.  However, the spacecraft
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speed is so high at this point in the mission that no collision with space debris could
provide enough energy to put the spacecraft or its RTGs on an impact course with
Earth.

Comment No 2-19

As in the Draft SEIS, the NASA Final SEIS and the recently available Safety
Analysis Reports (LMM&S a-j; EG&G 1997) provide not just the mean but a range of
potential doses with the associated probabilities of the doses occurring.  This range of
doses is presented for the 5-th, 50-th, 95-th and 99-th percentiles.  Stated differently,
both the Draft and Final SEIS provide the probability that a dose could be equal to or
greater than the dose given in each of the percentile tables.  The 0.2 µCi/m2 guidance
level developed by the U.S. Environmental Protection Agency (EPA) is used in the Draft
and Final SEIS only as an indicator of the potential extent of land contamination that
may need further evaluation. Potential low doses were not excluded from the health
effects calculations.  Those calculations incorporated all potential doses, from minuscule
to high.

For the population to be exposed to radioactive materials, the material must be
transported to areas in which people are located.  A significant consideration in the
recently available Safety Analysis Reports (LMM&S a-j; EG&G 1997), and in the safety
analysis process still ongoing, involves transporting of particles using models of  wind
and weather conditions.  That modeling of transport processes produces a range of land
contamination values.  Because of the varying particle sizes in a potential release, the
material would not be evenly dispersed.

The commentor incorrectly implies that the potential effects of a release would
continue for generations and perhaps even involve more people as population grows. 
Please see  response to comment 2-3.

Comment No. 2-20

The commentor appears to be confusing the EPA guideline level for land
contamination with the de minimis concept.

The implication that NASA has discounted its estimates of consequences by
incorporating a  “minimum lethal dose of plutonium” is misleading.  There is an
ongoing discussion within the scientific community as to whether small levels of
exposure below 1 millirem per year (0.001 rem/yr) can, over 50 years, induce a cancer
fatality.  This is referred to as the “de minimis” level.  The safety analysis takes no credit
for the fact that there could be a dose level below which no effect will be observed.  All
estimates in both the Draft and Final SEIS of the potential health effects that could occur
over 50 years due to exposure to plutonium take into account all exposures to
plutonium, no matter how small.

The average individual receives 300 millirem per year (15,000 millirem over a 50
year period) due to natural background radiation.  The results reported in both the
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Draft and Final SEIS incorporated all dose estimates and health effect estimates even if
they were less than 0.001 rem over 50 years.

Comment No. 2-21

The EPA guidance level is utilized for evaluative purposes in the impact analyses
as a land contamination level at or beyond which further evaluations should be
considered.  It is not a definitive statement regarding the land area that would or would
not be considered for mitigation. In the unlikely event that an accident releasing
plutonium were to occur, the extent and level of actual contamination would be
determined, and appropriate measures implemented.  See also response to comment 2-
20.

Comment No. 2-22

The analyses considered only credible accident scenarios.  Neither the Draft nor
Final SEIS provides an estimate of health effects involving the release of material equal
to a full RTG because best estimate analysis predicts that only a small fraction of the
aeroshells, and in turn the graphite impact shells, would erode sufficiently to result in
an in-air release of plutonium.  For the most severe reentry case, that associated with an
Earth Gravity Assist (EGA) flyby, the analysis performed to date predicts that, on the
average, less than two of 54 modules would release their material in the air. In turn,
only a portion of that material would be of a form and location such that it would be
inhaled by persons around the world.  Impact with space debris would not significantly
alter this finding.  Reentry from an EGA or collision with space debris are of such a low
probability that they are not expected to occur.

Neither on-orbit nor reentry release of liquid propellant would result in damage
to the RTGs.  See also response to comment 2-11.

The potential for plutonium dioxide releases in highly populated areas is
included in the collective dose and health effects predicted for the inadvertent EGA
reentry accident, but the dominant contribution to these radiological consequences is
related to very low dose levels (hundreds to thousands of times less than natural
radiation dose levels) received by the global population. NASA has taken extraordinary
efforts to reduce the chance of an inadvertent EGA reentry accident to less than one in a
million.  The probability of hitting a highly populated area is further reduced by several
factors.  Three-quarters of the Earth’s surface is water.  An impact onto water would not
result in any releases of plutonium dioxide.  Further, the areas with high population
represent only a small fraction of the Earth’s surface.  This further reduces the
probability of an aeroshell impacting in a populated area.  The probability of having
such an impact is on the order of less than one in one-hundred million.
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Comment No. 2-23

Ice impacts were accounted for in the analysis (LMM&S a-j, specifically Vol. III,
Book 2, Appendix E, page V. III E-8).  Impact on ice might produce releases similar to
those associated with impacts on rock. Impacts on snow or packed snow would be less
likely to produce releases. Overall, the potential for release under ice and snow
conditions would not be significantly different than that for impacts on soil and rock,
which were addressed in the simulations referenced in the Final SEIS. While recovery of
plutonium from icy conditions might complicate the recovery process, the presence of
moisture upon impact could lessen the spread of the particulate that is assumed in both
the Draft and Final SEIS.

Comment No. 2-24

Please see  response to comment 2-4.

Comment No. 2-25

The RTG casing is designed to melt upon reentry, releasing the modules, which
in turn reenter individually and reach the ground at the much reduced, terminal
velocity (about 49 m/sec).  This design protects and contains the module’s plutonium
dioxide under a wide range of entry and impact conditions.   RTGs and RHUs are not
nuclear reactors; they are passive devices with no moving parts.  The physical
appearances and makeup of the RTGs and RHUs were addressed in greater detail in
Section 2.2.4 of the June 1995 Cassini EIS, and in the recently available Safety Analysis
Reports (LMM&S a-j; EG&G 1997).  See also response to comment 2-8.

Comment No. 2-26

Emergency response planning for the Cassini mission was referenced in Section
4.2.9 of the June 1995 Cassini EIS. 

In accordance with the Federal Radiological Emergency Response Plan (FRERP),
comprehensive radiological contingency plans will be finalized before launching the
Cassini mission.  These plans, similar to the ones developed for the Galileo and Ulysses
missions, will ensure that any accident, whether it involves a radiological release or not,
will be met with a well-developed and tested response.  The plans are being
coordinated with Federal agencies including EPA and the Federal Emergency
Management Agency, and with the State of Florida and Brevard county organizations
involved in emergency response.  Pertinent portions of the plans will be exercised to
ensure that the various organizations are prepared to respond to any radiological
emergency associated with the launch.  In accordance with the FRERP, NASA is the
Lead Federal Agency (LFA), coordinating the Federal response for accidents occurring
within U.S. jurisdiction, and will coordinate with the Department of State and other
cognizant agencies, as appropriate, in the implementation of other responses.
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Regarding the use of iodine pills, they would be useful only in blocking the
uptake of radioiodine by the thyroid following a nuclear reactor accident.  Since no such
releases are associated with the type of accidents involving plutonium dioxide
addressed in the Draft and Final SEIS, the use of iodine pills would not be planned.

Comment No. 2-27

The Mars 96 accident response was the responsibility of Russia, not the U.S.  Any
response by the U.S. would have to be requested by the affected countries.  Accident
scenarios of the Mars 96 - type have been considered as part of the Cassini mission
design and safety analysis efforts.

Comment No. 2-28

The June 1995 Cassini EIS and the SEIS are NASA payload NEPA
documentation, in compliance with NASA regulations at 14 CFR 1216.305 (c) (3).

Comment No. 2-29

Comment noted.

Comment No. 2-30

Political and geopolitical considerations are outside the scope of the National
Environmental Policy Act (NEPA)  process.

Comment No. 2-31

In the unlikely event of an accident leading to a release of plutonium dioxide to
the environment, the U.S. Government would be financially responsible.  Should
plutonium dioxide contaminated soil removal be required, it would be disposed of in
an approved radioactive waste site.

Comment No. 2-32

Comment noted.

Comment No. 2-33

The commentor mischaracterizes the nuclear launch safety evaluation as a
“Presidential Statement.”  What the June 1995 Cassini EIS and the Draft and Final SEIS
reference is a Presidential-level nuclear launch safety evaluation  process.  The process
includes a Safety Analysis Report (SAR) and its evaluation in an independent  Safety
Evaluation Report (SER).  That process is ongoing and is separate from the National
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Environmental Policy Act (NEPA) process.   The Department of Energy is responsible
for the SAR.  The Interagency Nuclear Safety Review Panel (INSRP), supported by
national consultants in varied fields of expertise, is responsible for the independent
SER.

Comment No. 2-34

The commentor’s accusations are unfounded.  The Draft and Final SEIS have
been prepared using the best available information.  See also responses to comments 2-a
and 2-36.  The commentor has been supplied with a copy of the recently available Safety
Analysis Reports (LMM&S a-j; EG&G 1997), which are referenced in the Final SEIS.

Comment No. 2-35

The 720 equal-area grid of the worldwide data base was used to  represent
demographic and surface-type (water, rock, soil) distributions required for the type of
modeling being performed for the Cassini mission safety analysis.  Much higher
resolution was used within each grid cell to develop the following probability
distributions used in the analyses:

- Land and water fractions
- Total population and population densities
- Probability distribution over 15 population density classes
- Probability distribution over 7 soil/rock classes
- Probability distribution over 9 land use/cover classes, and
- Joint probability distribution of population density class and soil/rock class.

Comment No. 2-36

The NASA contractor for the June 1995 Cassini EIS and SEIS is Science
Applications International Corporation (SAIC).

Please see  response to comment 2-12(c).
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COMMENTS ON THE DRAFT
“SUPPLEMENTAL ENVIRONMENTAL IMPACT STATEMENT

FOR THE CASSINI MISSION”
Document Dated April 1997

Prepared by
Gary L. Bennett

General Comment

This document reads as if all the accidents and all the releases are foregone conclusions.
The DSEIS has a strongly deterministic tone when, in fact, there are postulated or
hypothetical accidents which may or may not cause releases which may or may not have
any measurable health effects. In every statement in the DSEIS where accidents are
mentioned the conditional word “postulated” or “hypothetical” should be inserted before the
word “accident”. A similar statement applies to releases and health effects. There are
calculated results they are not foregone conclusions.

The DSEIS would benefit from a short discussion of the foregoing points to ensure that the
public understands that the DSEIS is based on calculations and that launching Cassini does
not mean that these accidents will automatically happen and cause the listed consequences.
Risk analyses needs to be put in context. The results presented need to be put in context;
for example, about 20% of all the people alive today will probably die of cancer (~1 billion
people) so the health effects calculated for the postulated Cassini accidents are clearly
minuscule. Moreover, given the releases there is no assurance that even the calculated
health effects will occur. The “true” health effects (given the accidents) are somewhere
between zero and the numbers presented. The public needs to know this.

There have been some good, general-interest write-ups prepared pointing out the benefits
of nuclear devices (smoke detectors, medicine, etc.). There should be consulted so that a
proper balance can be presented in the SEIS.

As a reference point, “Since the first nuclear weapons test at Alamogordo, N.Mex., on July
16, 1945, approximately 360,000 Ci (360 kCi) of 239,240Pu has been injected into the
atmosphere. In addition, 17,000 Ci (17 kCi) of 238Pu entered the atmosphere in April
1946 as a result of the high-altitude burnup of a SNAP-9 satellite power source …” (cf.
Transuranic Elements in the Environment, DOE/TIC-22800, 1980). Keep this in mind
when the critics start saying that there’s enough plutonium on board Cassini to give
everyone lung cancer. That hasn’t happened from the weapons tests which were much
more finely and wisely distributed than any of the postulated Cassini accidents.

Specific Comments

Page iii - At the bottom of the page – goes the Cassini spacecraft really “care” if the rings
are nearly edge-on to the Earth and Sun? Can it be maneuvered to overcome that
alignment?

Page iv - The first paragraph should be much more positive. Describe what the RTGs and
RHUs are and what they do – how essential they are. All anyone gets from this paragraph is
how “awful” they are. List the benefits.

3-1

3-2
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Page v - The first and second paragraphs need words like “postulated” and “potential”
inserted just about every place. The last sentence of the second paragraph should replace
the word “would” with “are calculated”. It is not a certainty that these release will occur.

Page v - In the second line of the second paragraph the simulations are experimental and
analytical are they are not?

Page vi - In the first paragraph, replace the word “threaten” with “affect” (two places). The
health effects are calculated given the postulated accidents occur. This entire paragraph is
full of pejorative words.

Page vi - In the second paragraph why is the time period from T+143 s to T+206 s not
considered? Can’t there be explosions with fragments released?

Page vi - In the third paragraph the reader is left dangling as to what these “new” prelaunch
accidents are. A sentence or two explaining the situation would help. Also, the reader
should be told what exceeding the EPA guideline level really means. The world isn’t going
to end, is it?

Page 1-1 - In the second paragraph be much more positive. Describe what the RTGs and
RHUs are and what they do -- how essential they are. All anyone gets from this paragraph
is how “awful” they are. List the benefits.

Page 1-1 - In the third paragraph the words “substantial impacts” have a highly negative
connotation with no context given for judging if that is indeed the case. Suggest replacing
those words with something like “an effect upon the human environment”.

Page 1-2 -In the first full paragraph is there a contradiction between the statement “No pre-
launch Phase 0 accidents were identified what could cause a credible release” and the third
paragraph of page vi?

Page 1-2 - Frankly, from the results presented the statement in the last sentence of the
fourth full paragraph doesn’t seem warranted. In real terms the changes are all in the noise
level and the DSEIS probably isn’t needed.

Page 1-4 - Was this page left intentionally blank?

Page 2-2 - In the paragraph labeled “Changes in Mission Design Since the EIS”, some
clarification is needed as to why delaying the last trajectory correction increases the biasing.
Somewhere it should be clearly stated that at any given time the trajectory will be such that
the velocity vector is pointed away from an Earth intercept.

Page 2-6 - Some more information should be presented on the ESA cells. Fox example, are
they concentrator cells and, if so, what is the concentration ratio? Are they just GaAs cells
or is there another material (multi-function, multi-bandgap)? What is the efficiency of the
cells?  How do these cells compare with the U.S. GaAs/GaSb cells that have produced
30% efficiency in laboratory conditions? If the cells are concentrator cells this severely
restricts the alignment of the may which means more propellant.

Page 2-8 - If the cells are GaAs, they should not be as radiation sensitive as Si cells;
although the end point in terms if percent power loss may end up being the same.

Page 2-8 - Diodes are standard part of solar arrays. What’s special about diodes on the
hypothetical Cassini array?

3-3

3-4

3-5

3-6

3-7

3-8

3-9

3-10

3-11

3-12

3-13

3-14

3-15

3-16
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Page 2-9 - Section 2.1.5 - Hydrazine by itself is usually not “burned” it is decomposed.

Page 2-11 - In the first full paragraph some explanation of Hazards Class 1.3 would be
helpful. As it is the lay reader is left with a negative impression. Can a statement be made
that these are benign solids (i.e., they won’t go “high order” in an impact or explosion;
won’t detonate).

Page 2-16 - In the first full paragraph are there any explosion/fragment issues in Phase2,
3 or 4 (see also page 2-20)?

Page 2-16 - In the third full paragraph the entire discussion about cancers is too
deterministic and too fatalistic. These are calculated numbers with the “real” value (given
the accident) lying somewhere between zero and the number calculated. What is meant by
“large number of people worldwide”? Put this in context. The “expectation of latent cancer
fatalities” is somewhere between zero and the number calculated.

Page 2-17 - In Section 2.4.2, first bullet, second paragraph:  Should it say that “The
updated analyses use more detailed accident descriptions … “? As it is, the impression is
left that the EIS used nothing.

Page 2-2 - For comparison with the text, a separate column listing the Phases should be
included. Footnoted: These are potential, calculated latent cancers. PUT IT IN
CONTEXT!!! Footnote g implies another EIS is coming. How long will this continue?
Sometime you have to launch!

Page 2-20 - In the first paragraph if the hypothetical prelaunch accidents are now of
concern then so should be the postulated accidents in Phases 2,3, and 4 (page 2-16).

Page 2-20 - In the second paragraph, what does it mean to exceed the EPA guidance level?
The last sentence should include the words “the benefits of” before the word
“implementation”.

Page 2-22 - The No-Action Alternative does have adverse impacts. It means loss of jobs.
It means loss of American planetary science preeminence which will hurt U.S. science
which in turn will hurt U.S. technological leadership. It means all this hardware was built
and the financial/personal/environmental impacts were taken and no benefits achieved. The
No-Action Alternative is the most costly of the alternatives.

Table 2-3 - For comparison with the text, a separate column listing the Phases should be
included. Most people will only read the tables so they need to be clear and in context.

Page 4-1 Section 4.1 - Explain that why not including de minimis the results are really
worst case. Don’t leave it dangling.

Page 4-3 In the first full paragraph can a statement be made that these types of analyses
are fully consistent with U.S. and internationally accepted guidance? This would give the
reader the impression that this is an accepted, orderly process.

Table 4-1 - Note that these are postulated accidents.

Page 4-6 - In the first paragraph of Section 4.1.2.2 note that all of this assumes the accident
happens in the first place. The odds are the mission will be a success.

3-17

3-18

3-19

3-20

3-21

3-22

3-23

3-24

3-25

3-26

3-27

3-28

3-29

3-30
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Table 4-2 - For comparison with the text, a separate column listing the Phases should be
included. Most people will only read the tables so they need to be clear and in context.
Footnote d: These are potential, calculated latent cancers. PUT IT IN CONTEXT!!!
Footnote g implies another EIS is coming. How long will this continue? (This is clearly a
growth industry -- how many trees is this costing us?)

Page 4-8 - Second full paragraph - is the probability 2 x 10 -7 for all time or per year? The
time makes a difference. In seven half-lives there will be less than 1% of the 238Pu left.

Page 4-8 - Third full paragraph – these ideas need to be expressed earlier. This helps put
everything in context.

Page 4-12 - Second paragraph - there won’t be much 238Pu left in a few half lives.

Page B-1- Can Becquerel and Curie be put in context, e.g., related to smoke detectors or
something? Mr. & Mrs. Public may decide that 1 disintegration per second is one too
many.

Page B-2 Does generally refers to the total does received not per unit body mass.

Page B-3 The definition of “initiating event” seems wrong. Are systems failures really
required?

Page B-3 - Why is plutonium singled out as “heavy”? Lead is heavy, too . Plutonium is
produced in stellar explosion so it’s not strictly artificially produced.  In fact, plutonium
has been founded on Earth that did not come from weapons test or SNAP-9A.

Page B-3 - At one time REM = (RBE)*(Rads). Now we have Quality Factors. Just
checking.

Page B-3 - Solar energy usually refers to the energy provided by the Sun; how it’s
converted or used is another matter. (What’s really important is solar power; specifically
insolation.)

3-31

3-32

3-33

3-34

3-35

3-36

3-37

3-38

3-39

3-40
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Comment No. 3-1

The illumination of Saturn’s rings is important and does matter for scientific
observations.  If the rings are edge-on to the Sun, imaging science observations of the
rings would be severely limited.  The spacecraft could not be maneuvered to overcome
this alignment.

Comment No. 3-2

Comment noted.  Please refer to the 1995 Cassini Environmental Impact
Statement (EIS), Section 2.2.4.2, and Volume I of the recently available Safety Analysis
Reports (SARs) (LMM&S a-j; and EG&G 1997) now referenced in this FSEIS.  The SARs
have been forwarded to the commentor.

Comment No. 3-3

The commentor is correct in asserting that the postulated release would not be
certain to occur.  In fact, for a large number of the accidents evaluated for the recently
available Safety Analysis Reports (LMM&S a-j; and EG&G 1997), no release would
occur.  The recommended substitution of “are calculated” for “would” at this location is
accepted.

Comment No. 3-4

Yes, the simulations are experimental and analytical.  For additional details, the
commentor is referred to the recently available Safety Analysis Reports (LMM&S a-j;
EG&G 1997).

Comment No. 3-5

Comment noted.

Comment No. 3-6

During this time interval there could be explosions with fragments released;
however, because the payload fairing has been jettisoned prior to this interval and thus
would no longer be in place to contain and direct explosive forces at the spacecraft,
there would be no threat to the RTGs and RHUs. See the recently available Safety
Analysis Reports (LMM&S a-j; and EG&G 1997).

Comment No. 3-7

The new prelaunch accident considered in the consequence analyses is similar to
the Centaur tank collapse accident described in Section 4.1.5.2 of the June 1995 Cassini
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EIS. For additional details of the prelaunch scenarios addressed in the updated analyses
see the recently available Safety Analysis Reports (LMM&S a-j; and EG&G 1997).

Comment No. 3-8

Descriptions of the RTGs and RHUs can be found in Section 2.2.4 of the June 1995
Cassini EIS and in the recently available Safety Analysis Reports (LMM&S a-j; and
EG&G 1997).

Comment No. 3-9

Comment noted.

Comment No. 3-10

There is no contradiction between the referenced paragraphs.  This paragraph
describes what was presented in the June 1995 Cassini  EIS.

Comment No. 3-11

Comment noted.

Comment No. 3-12

Yes the page was left intentionally blank.

Comment No. 3-13

By delaying the final trajectory correction maneuver, the spacecraft remains
biased away from the final swingby altitude at Earth for a longer period of time (i.e., an
additional 3 days).  In addition, the final swingby altitude has been raised to at least 800
km (500 mi) from 500 km (320 mi).  These two independent actions were implemented
as part of the mission design that ensures that the probability of an inadvertent Earth
swingby reentry remains less than one in one million.

Comment No. 3-14

The ESA cells are not concentrator cells.  ESA developed both GaAs and Si cells. 
The efficiency of the cells at Saturn has been estimated at 22 - 24%.  In comparison to the
U.S. GaAs/GaSb combination cells, the ESA cells exhibit a lower efficiency; however the
U.S. cells, because they are actually two cells combined, are approximately 2 to 3 times
heavier than the ESA cells.  The GaAs/GaSb cells have only been fabricated under
laboratory conditions, and have not been tested for LILT effects.
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Comment No. 3-15

The commentor’s observation that both GaAs and Si cells would be subject to
radiation degradation for this type of mission is correct.

Comment No. 3-16

The diodes that would be necessary for the hypothetical Cassini array would
require a special design (i.e., would have to be a wafer design rather than the
conventional cylindrical design) that is compatible with thin and collapsible (i.e.
foldable) solar arrays.

Comment No. 3-17

Comment noted.

Comment No. 3-18

Tests have shown that SRMU propellant cannot detonate (i.e., go high order)
under any credible launch accident scenario.  Hazard classification 1.3 refers to
Department of Defense document DOD 6055.9-STD-DOD, Ammunitions and
Explosives Safety Standards, October 1992.

Comment No. 3-19

No.  The payload fairing has been jettisoned and is no longer available to contain
and direct explosive forces at the spacecraft.  See also response to comment 3-6.

Comment No. 3-20

Comment noted. Section 2.4.1 of the Draft and Final SEIS is a summary of Section
4.1.6 of the June 1995 Cassini EIS.

Comment No. 3-21

Text revised accordingly.

Comment No. 3-22

Mission phases were grouped into mission segments for the convenience of the
reader.  The mission segments consolidate potential accidents which could affect the
same portion of the environment.  Footnotes “d”  and “g”  have been updated.
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Comment No. 3-23

The accidents postulated during the referenced phases would lead only to water
impacts; no releases occur from such an impact.

Comment No. 3-24

In both the June 1995 Cassini EIS and the Draft and Final SEIS, the EPA guideline
level is used for illustrative purposes as an indicator of the potential amount of land
contamination that could require some level of cleanup.  If an accident were to occur the
actual amount of land subject to cleanup would be determined as one element of the
emergency response.  The recommended addition of “benefit of” is noted.

Comment No. 3-25

Comment noted.

Comment No. 3-26

Mission phases were grouped into mission segments for the convenience of the
reader.  The mission segments consolidate potential accidents which could affect the
same portion of the environment.

Comment No. 3-27

NASA did not include consideration of de minimis in reporting potential
accident consequences in the Draft and Final SEIS.  NASA does not take a position on
the issue of de minimis; accordingly  the SEIS reports only the consequences estimated
by considering the full potential radiation doses.

Comment No. 3-28

The analyses conducted are consistent with established radiological risk
assessment methodology and practices.

Comment No. 3-29

Comment noted.

Comment No. 3-30

Comment noted.
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Comment No. 3-31

The Draft and Final SEIS text (Section 2.1.7) attempts to explain to the reader that
the launch phases used in the June 1995 Cassini EIS were somewhat different from
those used in the recently available Safety Analysis Reports (LMM&S a-j; EG&G 1997). 
The breakdown of the phases referenced in the table are those used in the Safety
Analysis Report and will better facilitate an understanding of the analyses upon which
the Draft and Final SEIS is based

It was not intended that the footnotes convey or imply that another EIS is
coming.

Comment No. 3-32

The 2x10-7 is for 100 years; or slightly more than one half-life of Pu-238.

Comment No. 3-33

Comment noted.

Comment No. 3-34

Comment noted.

Comment No. 3-35

Comment noted.

Comment No. 3-36

The definition as stated in the Draft and Final  SEIS is correct.

Comment No. 3-37

The definition as stated in the Draft and Final SEIS is correct.

Comment No. 3-38

Comment noted.

Comment No. 3-39

Comment noted.
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Comment No. 3-40

Comment noted.
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Comment No. 4-1

For the convenience of the reader the entire Hassan reference, which is a
technical evaluation of the JPL solar Cassini concept, has been included in the Final SEIS
as Appendix C.   Mr. Hassan is the European Space Agency (ESA) Cassini Project
Manager.  Please also see  response to comment 1-1.

Comment No. 4-2

The maximum individual doses for an inadvertent reentry during Earth swingby
are now available and included in this Final Supplemental Environmental Impact
Statement (SEIS).  The effects of individual dose were already included and accounted
for in the values reported in the Draft SEIS; therefore, there is no need to adjust the
mission risks.  The doses that contributed to maximum individual dose were accounted
for in the original analysis, but the maximum individual doses were not available at the
time of the Draft SEIS.

Comment No. 4-3

The maximum individual doses are mean values and are presented as the best
representation of the highest dose that an individual might receive for a given accident
segment.  The estimates are obtained by accumulating the highest doses for each of the
accident simulations for a mission segment and obtaining the average for that segment.
 The 95% and 99% values are presented to provide an indication of the distribution of
the mean doses that might be expected if an accident were to occur.  In total, this
information is presented to provide a more complete indication of the potential doses
that might be received in the event of an accident.  All doses are accounted for in the
risk and health effects estimates.

Comment No. 4-4

The 95-th and 99-th percentile land contamination values were included  in the
draft SEIS.  See Section 4.1.2.2 of this SEIS.

The commentor also refers to a difference between the overall mission land
contamination values reported in Table 4-2 of DSEIS and Table 6-5 of the HNUS
supporting document.  Table 4-2 of the DSEIS is reporting the mean value for the
overall mission, while Table 6-5 of the HNUS supporting document addresses the 99th

percentile values.  As one would expect, the 99th percentile value is larger than the
mean.

Comment No. 4-5

The overall mission risk given in Table 4-2 of the Draft SEIS is the probability
weighted health effect consequences summed over all mission segments.  This measure
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of potential radiological consequences includes the information contained in all health
effects probability distributions determined from the individual accident scenarios that
contribute to each mission segment.  Additionally, the Draft SEIS presented information
on the distributions of health effect consequences by mission segment at the 5-th, 50-th,
95-th, and 99-th percentile levels to inform decision makers and the public on the
elements used in the determination of mission segment and overall mission risks.

The calculation provided in the comment is not correct.  It is important to
understand that the Cassini mission nuclear safety analyses considered a broad range of
outcomes to minimize the possibility of overlooking possible high radiological
consequence outcomes even at extremely low probabilities of occurrence. The health
effects distributions in Table 4-2 provide such information, but they need to be
interpreted carefully.  Except for mean health effects, the values listed under each
percentile level are upper bound health effects associated with the percentile level.  For
example, the nuclear risk analyses predict less than 0.92 health effects for the overall
mission at the 99-th percentile level, given the postulated occurrence of a plutonium
dioxide release as a result of an  accident.  An alternative interpretation is that given an
accidental release there is a 1 percent probability of 0.92 or more health effects for the
Cassini mission.

 The overall mission probability for 0.92 or more worldwide health effects is then
2.8x10-5 (or about 1 in 36,000), which is obtained from the product of the total
probability of a plutonium dioxide release accident during the mission (2.8x10-3), and
the conditional probability of observing 0.92 or more health effects as the outcome of
plutonium dioxide release accidents (1.0x10-2).  The health effects risk includes this
information, because it is based on all predicted health effect outcomes with
consideration of their probability of occurrence.

Comment No. 4-6

While plutonium is a heavy metal with known chemical toxicity, it is not the
most toxic substance known.  The radiation effects of plutonium would be manifested
well before chemical toxicity effects. 

In response to the expressed desires of the commentor, the following brief 
explanation of uncertainty is provided:  By their nature, consequences for a potential
accident scenario can vary over a wide range.  To reflect this variable nature, the Draft
and Final SEIS present a range of analytical estimates of potential consequences (e.g.,
‘best estimate’, 95-th percentile, 99-th percentile).  The uncertainty analysis establishes
bounds which enclose the consequences of potential accidents, to a high level of
confidence.  For a more detailed technical discussion of uncertainty, the commentor is
referred to the recently available Safety Analysis Reports (LMM&S a-j; EG&G 1997),
specifically “h” - Supplemental Analyses.  These reports have been forwarded to the
commentor.
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Comment No. 4-7

Radiological contingency plans are being developed by NASA/Kennedy Space
Center (KSC) and USAF/Cape Canaveral Air Station (CCAS) to address specifically the
initial response that would be required in the unlikely event of an accident affecting the
launch site.  Similar plans already exist at the State and county (Brevard) levels in
Florida, and are in the process of being updated for the Cassini mission. While Ormond
Beach and Volusia county have not been specifically represented at planning meetings
held for purposes of development of contingency plans, planning activities have been
accomplished in concert with representatives from the State of Florida Division of
Emergency Management, Office of Radiation Control, and Emergency Management
and Public Safety representatives from Brevard County.  The NASA/USAF and State of
Florida plans are also being closely coordinated with the DOE, which maintains its own
set of emergency response instructions for radiological accidents of many kinds, to
ensure a coordinated initial response to any accident. Emergency response would be
coordinated through local government contacts.

NASA/KSC and the Department of Energy  (DOE) are coordinating closely with
the State of Florida on development of recommended protective actions that could be
implemented in the unlikely event of a release of radioactive material, both for the
launch site and the general public in affected areas.  Because there is a range of variables
influencing the outcome of potential accident situations, there is a  range of potential
protective actions.  Protective actions for the general public would be announced by the
State of Florida after consideration of the specific circumstances accompanying any
accident.

The NASA/KSC and USAF/CCAS contingency plans currently under
development deal primarily with the initial response to a radiological contingency,
although there is some discussion of the concept of operations for longer-term actions
such as recovery of the radioactive material and facilities.  Long-term actions will
depend on  the facts and the circumstances surrounding an accident, and will be
responsive to such circumstances.

Comment No. 4-8

No cost estimates were developed for cleanup of potential land area
contamination as a result of a VVEJGA accident as they would be highly speculative
because of the many variables involved. Regardless of where any contamination
occurred, the United States would respond appropriately and assume responsibility for
cleanup, as needed.

As stated in Section 4.1.2.5 of both the Draft and Final SEIS, an upper estimate
was used to illustrate the potential costs associated with removal and disposal in an
appropriate repository.  Should plutonium dioxide contaminated soil removal be
required, it would be disposed of in an approved radioactive waste site.  The selection
of location and method of disposal or storage would be dependent upon the location of
the release, quantity of material, level of contamination and Federal regulations.
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Comment No. 4-9

The commentor notes the half-life of plutonium as 24,000 years.  The half-life of
Pu-238, which comprises 71 percent of the plutonium dioxide (See Table 2-3 of the June
1995 EIS; and Section 1.1 of the Draft and Final SEIS) in the RTGs and RHUs, is 87.7
years.  The recently available Safety Analysis Reports (LMM&S a-j; and EG&G 1997) are
referenced in this Final SEIS.
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Comment No. 5-1

For accidents other than the Earth flyby, the quantities of plutonium that would
be released are small.  The flyby is the only accident scenario that has a potential for
releasing an average fraction estimated at less than eight percent, of the total inventory
of plutonium dioxide on board the spacecraft.  Because of this potential for release,
NASA has taken extensive steps to reduce the probability of this accident to the point
that it is not likely to occur, i.e. to a probability of less than one in one-million.  If such
an accident were to occur, the carbon-carbon aeroshells and graphite impact shells are
designed to limit the release of the plutonium dioxide.  If released, most of the material
would fall in the oceans where, due to the chemical stability of the plutonium dioxide,
its solubility in the oceans would be very limited.  The dominant radiation released
from plutonium is in the form of alpha particles which can only travel a very short
distance through the air.  In fact, the primary way for an individual to receive an
exposure from plutonium is to breathe it in.  The fraction of material that would be
inhaled by the population in total, let alone any one individual, is small. 

As the Draft and Final Supplemental Environmental Impact Statement (SEIS)
indicate, there is a very low probability that an individual could receive high doses.

Taking the above into consideration, a potential accident during the Cassini flyby
would not result in “a disaster of global proportions.”  For additional related
information see response to comments 2-7 and 6-2.  For information related to
plutonium toxicity, see response to comment 4-6.

Comment No. 5-2

The commentor is referring to the 2001 mission alternative discussed in the June
1995 Cassini EIS (Section 2.3) and in the Draft and Final SEIS.  The primary launch
opportunity alternative would use a Venus-Venus-Venus-Gravity Assist (VVVGA)
trajectory to Saturn.  This alternative would need 10.3 years to reach Saturn as opposed
to the Proposed Action’s 6.7 year trajectory.  In addition, the 2001 mission alternative
would lead to reduced opportunities for science investigations and would require
development and flight testing of a new spacecraft engine.  With the primary VVVGA
trajectory, there would be no opportunity for a short-term inadvertent reentry but a
long-term inadvertent reentry risk would remain.  However, with the backup Venus-
Earth-Earth-Gravity Assist (VEEGA) trajectory for the VVVGA primary, both short- and
long-term inadvertent risks would be present and be approximately the same as
indicated for the (VEEGA) trajectories of the secondary and backup to the primary
launch opportunity presented in Section 4.1.2.4 of the Draft and Final SEIS.  A more
detailed discussion of the impacts of the 2001 alternative can be found in Section 2.7 of
the June 1995 Cassini EIS.  Additional details of the reduction in science return can be
found in Section 2.7.5 of the June 1995 Cassini EIS.
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Comment No. 5-3

The recently available Safety Analysis Reports for the Cassini mission (LMM&S
a-j; and EG&G 1997) are referenced in this Final SEIS.  The commentor is referred to
these Safety Analysis Reports  for details of the extensive analyses performed for this
mission.  The Safety Analysis Reports have been forwarded  to the commentor.

Comment No. 5-4

There is historical experience of many planetary and satellite flybys executed
with high precision by the JPL Navigation Team over the past three decades. For two of
these flybys, the Galileo spacecraft swung by the Earth twice for gravity-assist purposes
before reaching Jupiter.  The first Earth swingby occurred at a closest approach altitude
of 952 km (590 mi), and the second occurred at 304 km (188 mi).  Tracking data after
each of these swingbys showed that the actual trajectory was controlled to an accuracy
or 8 km (5 mi) for the first swingby, and an accuracy or 1 km (0.6 mi) for the second
swingby.  The Earth swingby altitude for Cassini will be 800 km (496 mi.) or higher,
depending upon the launch date, and the navigation precision is expected to be slightly
better than that for Galileo.

See response to comment 5-3 above.
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MARC M. COHEN
4242 POMONA AVENUE

PALO ALTO, CA 94306-4337

May 21, 1997
Mr. Mark R. Dahl
Cassini Program
Office of Space Science (Code SD)
NASA Headquarters
Washington, DC 20546-0001

Dear Mr. Dahl:

This letter is in response to the NASA invitation for public comment on the Cassini Mission
Draft Supplemental Environmental Impact Study (DSEIS).  I am deeply concerned about
some of the assumptions, methods and conclusions pertaining to the potential release of
Plutonium 238 into the earth’s environment.  It is a question of simple justice.  People
sitting in offices in Washington and Pasadena propose to take a risk -- however small --
that would have the consequence (according to its own original, “Final” 1995 EIS) of
giving 2300 people a carcinogenic dose of vaporized Plutonium 238 or (according to the
“Supplemental” 1997 DSEIS) giving 120 people such a dose who have no say  and who
may never know who they are.  The Cassini decisionmakers bear no personal liability for
the consequences of their decision, should Cassini release plutonium.  Victims of
carcinogenic or toxic releases of Plutonium 238 would have no recourse or due process of
law to seek compensation from the decisionmakers or NASA.

I reviewed the three key documents that your Office provides on potential environmental
impacts from Cassini:

Office of Space Science, (April, 1997) Draft Supplemental Environmental
Impact Statement for the Cassini Mission, Washington, DC: National
Aeronautics and Space Administration.

Haliburton NUS Corporation, (April, 1997) Nuclear Safety Analyses for
Cassini Mission Environmental Impact Statement Process, HNUs-97-0010,
Gaithersburg, MD: Haliburton NUS Corporation.

Solar System Exploration Division, (June, 1995) Final Environmental
Impact Statement for the Cassini Mission, Washington, DC: National
Aeronautics and Space Administration.

OVERALL EVALUATION

As an overall evaluation of these documents, I was disappointed that none of them
provided the mathematical models for their findings nor the key assumptions from which
they derived.  The DSEIS states:

“The analysis makes wide-scale use of probability distributions.  It uses
best estimate values for certain key parameters, and more comprehensive
modeling to determine PuO2 particle dispersion, uptake but people and the
potential for latent cancer fatalities.” [pp. 2-17 – 2-18, emphasis added].
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I question whether these “best estimates” truly are the “most representative mathematical
models, parameter values used in the models and probability distributions to describe
inherent variability as inputs to the analysis” [p. B-1, from definition of a “best estimate”].
I question further whether the authors applied this probability distribution approach in a
fair, impartial, and consistent manner.

I found the near total reliance upon probabilistic risk assessment techniques disturbing,
while the DSEIS neglects completely the empirical data available for the failures involving
recent NASA planetary probes.  Since the early years of this decade, NASA launched four
planetary probes: Galileo, Mars Observer, Mars Global Surveyor, and Mars pathfinder.
Three of the four (all except Mars Pathfinder) suffered mission threatening or mission
limiting failures – a rate of .75.  Galileo suffered a stuck main antenna that would not
open, imposing severe penalties on data rate and computer performance.  Mars Global
Surveyor suffered a stuck solar array that may yet affect its ability to maneuver into Mars
orbit.  Mars Observer suffered a catastrophic failure when undergoing a fuel tank
pressurization procedure shortly before orbital insertion around Mars, and may have
impacted upon the Mars surface.  Then  the empirical catastrophic failure rate for NASA
planetary probes in this decade is .25.  IF Cassini suffered such a pressurization failure in
preparing for the Earth Fly-by maneuver, it could fail like Mars Observer, lose all
guidance, and most likely plunge into the Earth’s atmosphere.  I expected to see the DSEIS
address the Mars Observer-type scenario which most closely resembles Cassini’s
proposed Earth fly-bys.  How could the EIS and DSEIS omit such an essential empirical
data point?

The DSEIS’s probabilistic analysis places the probability of a comparable failure of Cassini
during an Earth fly-by to be .0000008, less than one in one million.  How do the DSEIS
authors explain this enormous discrepancy between the empirical mission data and the
probabilistic wishful thinking?   Have we forgotten NASA’s most painful experience with
probabilistic crystal-gazing: the Challenger Accident?  NASA’s estimate for catastrophic
failure was .00001, but the failure occurred on the 25th launch, giving an empirical
catastrophic failure rate up to that time of .04.  The DSEIS brags: “The updated analyses
include the most extensive evaluation of the uncertainties of accident consequences ever
attempted for a space mission.”  What good is all the Monte Carlo simulation in the world if
the key parameters ignore all the empirical data, and experimental design assumptions are
either unavailable or wrong?

The EIS and DSEIS do not meet the standard for scientific, scholarly publication.  No
respectable scientific or technical journal would allow an author to publish a paper offering
such precisely defined numerical conclusions without showing how he obtained those
results – without providing the “most representative mathematical models” promised in the
definition of a “best estimate.”  Several of the key parameters, upon which the most
important issues turn, rest solely upon undocumented “personal communications;”
specifically from H. Hassan of ESA to D. Kindt of JPL on the unsuitability of high
efficiency solar cells to replace the RTGs, [DSEIS p. 2-9] and C.E. Kohlhase to L.E.
DeFillipo [Haliburton, p. 5-7] on the probability distribution for reentry angle and reentry
latitude.  Neither is this reliance upon unsupported personal communications instead of
documented evidence allowable for scholarly publication.  In the absence the DSEIS and
EIS providing these models, data and parameters, it is difficult to accept the EIS and
DSEIS authors’ analytical process to produce the probabilistic risk analysis.  The absence of
their mathematical and methodological models is particularly difficult to understand in light
of  their claim to have performed “the most extensive evaluation … ever attempted.”  The
exclusion of their vaunted probability distributions (ANOVAs or whatever) and tests for
validity further undermine this report.

6-1
(Continued)

6-2

6-3



Commentor 6:  Marc M. Cohen

E-87

Marc M. Cohen                     3    May 21, 1997

RISK BENEFIT ANALYSIS

Instead of the EIS and DSEIS dubious and obfuscating probabilistic risk assessment, I
propose a simple, common sense risk-benefit analysis.  There are two occasions for
catastrophic failure during the Cassini Mission: the launch sequence and the Earth fly-by.

The benefit  of launching the Cassini Mission is to obtain the Science.  The risk is to dump
the Plutonium in the ocean.  If NASA does not take the risk of launching: no science.

The benefit of the Earth fly-by maneuver is to obtain the Science data a few years sooner.
The risk of failure is to disperse 73 pounds of Plutonium 238 oxide in the atmosphere,
with fatal cancers that the contractors estimate very conservatively at a “mean” of from 120
to 2300 people AND No Science return.  Avoiding the fly-by maneuver eliminates the
threat of an accidental reentry at the cost of a few years delay in returning the Science data.
All the flyby maneuver does is get the Science data faster.

The Cassini vehicle design is an anomaly in this era of “Faster, Better, Cheaper.”  Because
Cassini is so big and heavy, it pushes conventional launch capabilities beyond their limit,
and making necessary the complex multiple planetary ply-by trajectory to Saturn.  Why has
NASA not replaced it with a small, inexpensive, reliable New Discovery or millennium class
mission that would not pose so many difficulties and hazards, and would use more
advanced instrument and sensor technologies?  I hope the answer is not “throwing good
money after dad.”

TECHNICAL EVALUATIONS

I found five areas in which I question the technical approaches of the three EIS reports:
Plutonium isotope aerothermodynamic heating, atmospheric transport mechanism, the
radiobiological health effects, and the solar power option.

PLUTONIUM ISOTOPE

The 1995 EIS devotes a great deal of attention to the amount of Pu239 released or
consumed in nuclear weapons test before the Test Ban Treaty in 1963, as if to say
“Nuclear tests released thousands of kilograms of Plutonium, what does another 20 or 30
Kg of Pu238 isotope matter?”  However the fissionable isotope is Plutonium 239, which
has a half-life of 22,000 years, and is a relatively weak alpha emitter.  The RTG fuel for
Cassini is a different isotope, Plutonium 238, which is a very strong emitter, corelating to
its half-life of 88 years.  Chemically, their toxic effects as a heavy metal are the same, but
the radioactive and carcinogenic characteristics may be different.  However, the 1995 EIS
does not appear to distinguish sufficiency between the two isotopes, and refers back
several times to nuclear testing as a source of environmental (fissionable) Plutonium 239,
which it seems to equate to Plutonium 238.  To what degree do the EIS and DSEIS rely
upon a generalizability of the two isotopes to characterize carcinogenicity?  The DSEIS
does not clear up this situation.

AEROTHERMODYNAMIC HEATING RATE

In the event of an Earth atmosphere reentry during a flyby maneuver, the Cassini spacecraft
would enter the atmosphere at 19.4 km/sec for the preferred option of a VVEJGA trajectory
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and at 17.4 km/sec for the secondary or backup mission options. All three reports express
considerable uncertainty about whether the Cassini probe would vaporize and go to some
lengths to speculate about the probability of a small or large piece striking the ground intact.
In this respect, the authors seemed to have difficulty in distinguishing between a reentry
from orbital decay at ~7km/sec to 11 km/sec and a fly-by VVEJGA reentry at 19.4 km/sec
[Haliburton.  P.  5-7].  Perhaps this uncertainty is not surprising because the neither the EIS
or DSEIS teams included an expert aerothermodynamicist. Instead, they relied upon
probablistic scenarios, using “CFD data” that they do not provide, without expert
qualification, in ways that are not clear.

I was disappointed and surprised to not find any informed discussion about the
aerothermodynamic heating rate, which varies as the cube of the velocity.  I expected to
find a discussion of the Fay-Ridell equation, and associated computations.  Fay-Ridell is an
approximation for convective heating to a general stagnation point of a vehicle undergoing
atmospheric entry.  However, at higher velocity, it may apply less because of the
contribution from the radiation heating that is not taken into account (the convective heating
is diminished by the complex nature of the flow which is in non-equilibrium and very likely
causing a chemical phase change on the surface(. The other complication is that the vehicle
would be rumbling, and hence the stagnation point’ would be rotating - thus lowering the
energy delivered to a particular point at a function of time. How do the EIS and DSEIS
account for these aerothermodynamic considerations?

It is not clear from the three reports for which late launch orbital decay reentry velocity
Cassini was designed. The Haliburton Report refers obliquely to the “most severe launch
reentry accident,” but does not stipulate its parameters. All other things being equal, the
aerothermodynamic heating rate on a vehicle entering at the flyby gravity assist rate of 19.4
km/sec is 5.48 times greater than the heating rate on a vehicle entering at the “maximum”
orbital decay rate of 11km/sec.   However,  it is far more likely, that a vehicle would suffer
a “late launch” orbital decay failure because it had insufficient velocity of about 7 km/sec --
not because it achieved maximum velocity,  sufficient or nearly sufficient for earth escape.
In this case, the aerothermodynic heating rate for the flyby reentry is 21.48 times greater
than for the minimum and most likely launch reentry velocity.  The consequence -- at a
range of oblique incident angles – is certain vaporization and release of all the Plutonium
238 into the atmosphere. Instead of taking a hard look at the aerophysics, the DSEIS
attempts to answer all questions with its probablistic analysis, without really answering
most of them. The key question is at what attitude this vaporization and release of
Plutonium dioxide would occur. Why do the EIS and DSEIS offer no guidance in this
regard?

ATMOSPHERIC TRANSPORT AND PARTICLE SIZE

The three reports make vague speculations about how the Plutonium 238 would travel from
the place in the atmosphere to disperse around the world.  Nowhere do the reports cite any
literature involving modem models of aerospheric transport mechanisms.  In the short term
that attitude of release is key for disperse patterns.  Release in the troposphere -- up to about
12.3 km (41, 000 ft) -- indicates circulation around the globe in a matter of weeks, in the
matter of particles from  Chernobyl, which were detected worldwide about three weeks
after that accident.  Release at the top of the atmosphere could take up to several years to
disperse the particles worldwide.  However, there is no doubt that even from the top of the
ozone layer, the Plutonium 238 would eventually come down to Earth.  The real issue is
what sort of probability distribution of particle densities are likely to occur, based upon the
altitude and particle size.  These distribution densities would contribute in turn to the human
population’s exposure to Plutonium 238.   It is not clear from reading the three reports what
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model of altitude, atmospheric transport, and particle density -- if any -- the authors
employed to obtain their results.

Perhaps this uncertainty is not surprising, given the absence of an atmospheric scientist
from the EIS and DSEIS teams. One need only look to the Cretaceous/Tertiary terminater,
associated with the last mass extinction of species 65 million years ago marked worldwide
by a thin deposited layer of Indium, to recognize the potential for world-wide distribution
of an element by atmospheric transport mechanism.

I believe that should the Cassini probe enter the atmosphere on a flyby, at the most likely
capture angles, it would vaporize entirely. It appears that despite all the probablistic
models, the EIS and DSEIS fail to take this outcome properly into account.

BIORADIOLOGICAL HEALTH EFFECTS

The particle size and density relate to inhalation and dose absorption into human body.
In this regard, I found it difficult to accept the way in which NASA shrugged off some of
the public comments in the Appendix of the 1995 EIS. Dorothy Scott Smith wrote to
NASA, quoting Dr. Helen Cadicott:

“. . . it [Plutonium] is so toxic that less than one-millionth of a gram (an
invisible particle) is carcinogenic  dose.

One pound, if uniformly distributed could hypothetically induce lung cancer
in every person on earth.”

The EIS response to Dorothy Scoot Smith quibbles about Dr. Caldicott’s particle size,
treating it as a precise value rather than as an approximation of figure of speech. What we
would expect from Plutonium 238 vaporized in the atmosphere would be population of
particles with a distribution of values across a range of sizes.  However, neither the EIS
nor DSEIS apply their proud probablistic distribution techniques in this instance when,
perhaps, it does not suit them to show a range of particle sizes.   Why do the EIS and
DSEIS fail to discuss the particle population?

Human health effects constitute the area that ultimately generates the most concern.  The
EIS and DSEIS define the “health effect” of Plutonium exposure very specifically as an
excess (above normal rate) latent cancer fatality within 50 years after release of the
Plutonium 238.  This approach presents several possible shortcomings, which are not
surprising, given the absence from the EIS/DSEIS teams of a medical doctor.

First, the notion of excess latent cancer fatalities is extremely limited; it rules out a range of
other, and possibly more common health effects of radiation, including possible “prompt”
effects upon the endocrine system (damages in hormone production), neurological system,
reproductive system including sterility and birth defects, and other non-fatal effects. Why
is there no discussion of non-cancer health effects?

Second, the EIS and DSEIS ignore the direct toxic affects of Plutonium, a heavy metal that
is one of the most toxic substance shown. Why is there no discussion of Plutonium
toxicity?

Third, it omits any discussions of the “quality favor” for the absorbed radiation dosage.
The problem with giving absorbed dose values in centiSyverts (rems)  is that it is not a
generic measure, and it is the one that assume that the radiobiological damage effects from a
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centiSyvert from Plutonium 238 is equal to a centiSyvert of dental x-rays.  One important
difference is that plutonium 238 keeps emitting radiation for years after a human absorbs it,
creating a situation in which the body’s natural repair mechanism may not be able to keep
up with the tissue damage from its ionizing particles.  Why is there no discussion of quality
factor for an inhaled or absorbed dose of Plutonium?

Are the EIS and DSEIS ignoring and downplaying the real health consequences of
Plutonium exposure because they use a probabilistic model that can calculate only one kind
of hypothetical outcome, the defined “health effect” only as a latent excess cancer fatality?
Table 4-2 Summary of Radiological Consequences and Mission risks plays some further
funny games with the numbers for the health effects.  Distinguishing between the Plutonium
238 in the RTGs and in the LWRHUs, makes possible the “probability weighting” of these
two sources separately.  Thus, for the mean predicted health effects of a VVEJGA reentry,
the RTGs alone would cause 130 mean “health effects” and the LWRHUs alone would
cause  13 mean “health effects.”  Yet, combined, RTG and LWRHU cause only the 120
mean “health effects” because of the manipulative probability weighting.  However,
common sense dictates that if the whole Cassini spacecraft must vaporize on reentry,
probability weighting is meaningless and the two sources are additive, yielding 143 mean
“health effects.”

SOLAR POWER ALTERNATIVE

The 1995 EIS [p. 2-53 -- 2-58] presents a strawman design for a solar array system that
might replace the RTGs.  This strawman design is the worst possible array configuration
with the longest moment arm, the greatest need to stiffen the arrays against thermal flux and
oscillation, and the worst vibratory modes, reminiscent of the arrays that the astronauts
replaced on the Hubble Space Telescope because they created so  may problems.  The
strawman comparison is not honest because it is not a “best estimated” as defined in the
DSEIS but a contrived worst case that requires substantial added mass to correct (although
the authors never state how much mass).  This artificial worst case has only one purpose,
to stack the deck by setting up an easy comparison to the RTGs so that the EIS can say they
looked at solar power and it was so bad everyone can dismiss it from their minds.

A valid comparison would require an optimized, compact design that did not suffer from
the obvious structural problems of the EIS strawman.  At the same time, the authors fail to
raise the most obvious operational difficulty for the solar power option: that with the
unidirectional solar arrays, the spacecraft would need to fly in a solar-inertial orientation
(pointing toward the sun).  Departures from solar-inertial mode would require a
corresponding increase in battery mass to store the power to yield the approximately 800
watts necessary to sustain the oversized, power guzzling Cassini.  Why did the EIS
overlook so obvious a critique of a mission-limiting aspect of solar power?  Did NASA or
its contractors ever make an honest attempt at designing an optimal solar power alternative
for Cassini?

CONCLUSION

The computed probability of a malfunction causing the spacecraft to reenter the Earth’s
atmosphere may be small, but the negative consequences are obviously great.  The
consequences of this failure mode may well outweigh the benefits of success for Cassini.
I therefore recommend that the Cassini launch be postponed.  This delay would allow
further consideration and implementation of either of two feasible alternatives which would
substantially reduce the risk: adoption of the triple Venus flyby VVVGA trajectory in 2001
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which does not involve an Earth fly-by or the installation of a solar power supply in lieu of
the RTGs.  I also recommend the development of a much more efficient and powerful
upper stage booster to reduce or eliminate the need for complex planetary fly-by
trajectories, so instead we can launch space probes direct to their destinations.

I support Space Science. I support planetary exploration. I support the Space Program.  I
support NASA. I do not oppose the responsible use of nuclear power systems for deep
space probes and planetary exploration. However, I cannot support biased research,
incomplete and inconsistent analysis involving bogus comparisons, and substandard
documentation. I am also concerned that the poor quality of the EIS and DSEIS will place
NASA in a poor light should there be a reentry accident and subsequent investigation.

If a builder submitted an Environmental Impact Report of this quality to support the
construction of a shopping center or a housing project, it would have no chance of passing
the scrutiny of a modem municipality due the the absence of the input data, the key
assumptions, and the methods of analysis. While delaying the Cassini launch would delay
the receipt of valuable scientific data' I believe the increase in safety, and in the public
perception of NASA's dedication to safety would be much more valuable.

Thank-you for your consideration in this matter.

6-10
(Continued)

6-11

6-12



RESPONSES TO COMMENTS
Commentor 6:  Marc M. Cohen

E-92

Comment No. 6-1

Details of these models and parameters are in Volume II, Book 2 and Volume III,
Book 2 of the recently available Safety Analysis Reports (SARs) prepared for the Cassini
mission (LMM&S a-j; and EG&G 1997), and have been forwarded to the commentor.

Comment No. 6-2

The spacecraft trajectory is specifically designed to avoid Earth’s atmosphere
(JPL 1993b; JPL 1997: see Chapter 8 of the Final SEIS). The trajectory is biased 5000 km
(3106 miles) or more away from the swingby altitude (not less than 800 km; about 500
miles) for all but 7 days prior to the swingby. The possibility of an Earth reentry only
becomes conceivable if an extremely unlikely sequence of events and failures occur. The
vast majority of potential spacecraft failures do not alter the spacecraft’s trajectory. To
initiate an impact trajectory, a failure would have to cause a change in the spacecraft’s
velocity of exactly the right magnitude and direction. For this reason, it is extremely
unlikely that a misfire of the Cassini rocket system would result in an inadvertent Earth
reentry. Another fact to keep in mind is that a number of spacecraft maneuvers will
have to be successfully conducted just to bring the spacecraft within tens of thousands
of kilometers of Earth. A maneuver at 7 days before swingby will ensure that the
spacecraft arrives at the desired point in space for the gravity-assist but does not come
closer to Earth than 800 km (about 500 miles).

All relevant failures encountered on previous U.S. planetary missions have been
accounted for in the analysis and were considered in the design of the spacecraft’s
propulsion system, other spacecraft engineering subsystems, the swingby trajectory,
and the overall mission design.  Much of the Cassini design was driven by an effort to
minimize the probability of an earth impact.  Trajectory  biases and flyby distances were
increased, additional micrometeoroid shielding was added, a number of on-board fault
protection monitors were incorporated into the design, propulsion subsystem operation
during the swingby period was constrained to a benign mode, and ground system
procedures and constraints were modified, all to minimize the probability of Earth
impact.  Flight experience was used in deriving the propulsion, electronic and ground
system failure rates and common mode and design errors were incorporated.  Key
failure rates of concern are those that cause both a change in velocity or direction, or
loss of commandability.  Even though these failure rates are on the order of several
percent, the trajectory bias, spacecraft redundancy and on-board fault protection, result
in Earth impact probabilities of less than one in a million.  The Galileo stuck antenna
and Mars Global Surveyor stuck solar array would not have had any effect on an Earth
swingby.  It should be noted that Galileo successfully performed two Earth swingbys
and is now gathering science information from Jupiter and its environment.  To
eliminate the threat of a Mars Observer type failure, the Cassini propulsion system was
modified to enhance control of vapors.  In addition, during the swingby phase of the
mission, the propulsion system will be operated in a benign mode (i.e., a mode in which
the system is not further pressurized until after the swingby).
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Comment No. 6-3

The recently available Safety Analysis Reports (SARs) (LMM&S a-j; EG&G 1997)
for the Cassini mission are now referenced in this Final Supplemental Environmental
Impact Statement (SEIS).  The Hassan reference is included as Appendix C to this Final
SEIS.

Comment No. 6-4

The Cassini mission was approved in October 1989 and redesigned to reduce
costs early in 1992.  The Cassini mission is a comprehensive study of the Saturnian
system — the planet, rings, magnetosphere, and the moons, particularly Titan.  The
objectives of this mission could not be accomplished with a smaller spacecraft.

Comment No. 6-5

Nowhere in the 1995 Cassini EIS or SEIS does it say or imply as the commentor
suggests, “what does 20 - 30 kg of Pu-238 isotopes matter?”  The primary purpose of
preparing and issuing the 1995 Cassini EIS and Draft and Final SEIS has been to address
the potential impact of plutonium dioxide release on the quality of the human
environment.

Second, the statement that Pu-238 is a strong emitter of alpha particles and Pu-
239 is a weak emitter of alpha particles is not a scientific characterization of the
radioactive decay properties of the two isotopes.  As noted previously, Pu-238 has a
half-life of 87.75 years.  Pu-239 has a half-life of approximately 24,400 years.  Both are
alpha particle emitters.  The energy of the alpha particles from both are about the same:
i.e., about 5.5 MeV for Pu-238, and about 5.2 MeV for Pu-239.  The statement concerning
one being a stronger emitter of alphas than the other relates to the half-lives of the two
isotopes.  This means that for the same mass of material, Pu-238 emits 280 times the
energy per unit time as Pu-239.

In the comparisons made in the Draft and Final SEIS, the quantities of Pu-239 are
described in terms of curies.  A curie is a unit of activity defined in terms of a specific
number (3.7x1010) of disintegrations (decays) per second.  The 1995 Cassini EIS provides
the amount of activity released during the weapons testing program in terms of curies. 
A curie of activity from Pu-239 is equivalent to a curie of activity from Pu-238, and their
radio-biological health effects are nearly equivalent. 

The amounts of material released from weapons testing and the potential
releases from Cassini accidents are both expressed in terms of curies; thus a one to one
comparison between these two releases is appropriate.  Three factors affecting the
primary cancer risks are the level of activity, the energy, and the type of the decay
particles or photons emitted.  When described in terms of curies, the risk presented by a
curie of Pu-238 and Pu-239 are about the same.  This is the comparison that is made in
the 1995 Cassini  EIS.
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Comment No. 6-6

A detailed reentry analysis was performed in support of the Cassini safety
analysis process.  That information is described in the Cassini General Purpose Heat
Source Radioisotope Thermoelectric Generator (GPHS-RTG) Final Safety Analysis
Report (SAR) in Volume II, Book 1, Section 5 and in Volume II, Book 2, Appendices E
and F and Volume III, Book 1, Sections 4.3 and 4.4, which are being made available to
the public.  This SAR was only recently available after issuance of the Draft SEIS.

The analysis differentiates between the orbital and VVEJGA (EGA swingby)
reentry conditions.  A team of experts from Lockheed Martin and the John Hopkins
University Applied Physics Laboratory (JHU-APL)  performed the reentry analysis
contained in the SARs for the Cassini mission.  For Earth orbital reentry, the analysis
uses a later formula by Lees which is functionally similar to the equations developed by
Fay and Ridell.  The use of Lees equation is described in the RTG SAR Volume II, Book
2 Appendix F (LMM&S c).  The SAR contains a detailed discussion of the
aerothermodynamic heating and computational fluid dynamic (CFD) methodologies
used to develop the results presented in the Draft and Final SEIS for the EGA reentry
scenarios.  The analysis does take into consideration a full range of the phenomena
encountered by ablating reentry bodies, including convective and radiative heating plus
structural analysis which was not mentioned by the commentor.  The modeling
addresses the issue of tumbling.  Tumbling is the less severe condition as the heating
and ablation is distributed over the surface of the reentering body.

The GPHS-RTGs modules and the Light Weight Radioisotope Heater Units
(LWRHUs) were designed to withstand reentry from Earth orbit.  The carbon-carbon
composite of the RTG aeroshells and graphite impact shells (GISs) mitigate the effects of
the EGA accident reentry.  The reentry conditions for the VVEJGA reentry were
analyzed using the CFD methodologies with the findings predicting that most of the
GISs from the RTG modules would remain intact during reentry.

No RTG module in-air failures were predicted for the Earth orbital reentry
scenarios.  Details of the findings are discussed in the SAR.  All potential plutonium
dioxide releases were taken into consideration in developing the health effects and the
risks presented in the Draft and Final SEIS.

The John Hopkins University Applied Physics Laboratory (APL) performed the
analysis for the LWRHUs.  The results of the analysis are reported in Appendix VI of
the Cassini LWRHU SAR (EG&G 1997)  and summarized in Section 7.7 of the same
document.  A significant fraction of the LWRHUs are predicted to release their
materials depending upon the LWRHU orientation and the VVEJGA reentry angle.

For the RTGs, the 90 degree reentry angle is the most severe.  The differences in
reentry velocities are taken into consideration in the analysis used to develop the results
presented in the Draft and Final SEIS.  The analysis did consider shallow (oblique)
angles and no RTG module in-air failures are predicted for reentry angles less than 16
degrees.  A discussion of the equation used for altitude of release is contained in the
RTG SAR Volume III Section 4.4.1 EGA Consequence Analysis Process (LMM&S d).
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Comment No. 6-7

The list of preparers and contributors to the Draft and Final SEIS document is not
meant to indicate the full extent of the expertise involved in the analyses.  The models
used for dispersion and transport were all developed by experts in their field, and were
applied by the engineers and scientists doing the analyses.  The 1995 Cassini EIS and
Draft and Final SEIS take into account the degree to which vaporization would occur in
the unlikely event of an Earth swingby accident (see RTG SAR Volume II, Book 1,
Section 5.4.5, pg. V II 5 - 102, and Table of particle sizes (5.4-8) on pg. V II 5 - 104,
LMM&S b.)  The analyses indicated partial vaporization under certain reentry
scenarios.  Models of atmospheric transport mechanisms were used in estimating the
dispersion of any plutonium dioxide released during an inadvertent Earth swingby
reentry (see RTG SAR Volume III, Book 2, Appendices F, G, H, LMM&S e).  High
altitude releases would result in near-global distribution (see RTG SAR Volume III,
Book 1, Section 4.4.1.2, pg. VIII 4-38 and Volume III, Book 2, Appendix H, LMM&S e).

Please also see comments 2-7, 2-8, and 2-9.

Comment No. 6-8

The EGA inadvertent reentry analysis predicts a mean release of 3 percent of the
plutonium dioxide inventory at high altitude, consisting of 1.4 percent as vapor and 1.6
percent in particulate form characterized as a particle size distribution (see the recently
available Safety Analysis Reports; specifically Table 5.4-8, of the RTG SAR Volume II,
Book 1, pg. VII 5-104, LMM&S b).  The vapor portion is initially dispersed at high
altitude.  The inhalation of the particulate portion of the release is taken into account
using particle-size dependent dose conversion factors.  Dilution of the high altitude
vapor release within the atmosphere globally, coupled with the small fraction of the air
in the atmosphere inhaled by people prior to its removal by deposition on the Earth’s
surface, result in only a small fraction of the release being inhaled. This is estimated to
be less than 1.3x10-17 grams inhaled by an individual per gram of plutonium release (See
the 1995 Cassini EIS, Appendix D, pg. D-25;  response to comment 4B).

Regarding potentially non-fatal health effects, see response to comment 2-12 (d).
Regarding medical expertise, while the EIS team did not include a medical doctor, the
team did include members with extensive experience in health physics (expertise
related to radiation protection and radiation health effects).

The particle-size dependent internal dose factors for plutonium dioxide used in
the analysis are based on an internal dosimetry model of the International Commission
on Radiological Protection (ICRP) documented in ICRP Publication 30 (ICRP 1979). 
These dose factors are widely accepted at the Federal level by the Department of
Energy, the Environmental Protection Agency, and the Nuclear Regulatory
Commission (DOE 1988).  The internal dose factors for plutonium dioxide incorporate a
quality factor of 20 which reflects the relative biological effectiveness of alpha radiation
compared to a quality factor of 1 for x-ray, gamma, and beta radiation.  The internal
dose factors take into account the time integration of doses within the body for a period
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of 50 years following exposure (termed the “50-year dose commitment period”).  In
addition, the metabolic characteristics (particle size, solubility, respiratory region
clearance rates, and organ clearance rates) are taken into account.

Regarding the allegations of “downplaying the real health consequences of
plutonium exposure,” see response to comment 2-12 (c).

The combined mean health effects of a VVEJGA reentry of 120 health effects for
the GPHS-RTG and the RHUs represents a probability weighted mean, calculated as
follows [then rounded]: [(8.0x10-7 )(13) + 6.3x10-7 (140)] / 8.0x10-7 = 120 

The results of 13 health effects for the RHU and 140 health effects for the GPHS-
RTG can not be simply added. The difference in the total release probabilities of 8.0x10-7

for the RHU and 6.7x10-7 for the GPHS-RTG, reflects the situation that given a VVEJGA
reentry with a probability of 8x10-7, there is a conditional probability of 1.0 that there
would be a consequence from the RHU and a conditional probability of (6.3x10-7/
8x10-7) = 0.79 that there would be a consequence from the GPHS-RTG.  This difference
in conditional probabilities is associated with the larger number of RHUs (157
considered in the analysis) compared to the number of GPHS modules (54) that reenter.

Comment No. 6-9

The linear design depicted in the DSEIS was based on a flight proven design which
had been modified and ground tested with Advanced Photovoltaic Solar Array (APSA)
technology to achieve the highest possible specific performance (lowest weight per
output power) using existing or near term real technology.  The design depicted
conforms to existing proven designs for large area, high power solar arrays, and has
been optimized for the factors pertinent to use of solar arrays for spacecraft.

In the course of solar design studies conducted for the Cassini mission several
arrangements for the solar arrays were investigated, including designs using circular
arrays and those using additional linear arms each of shorter length.  The purpose of
these studies was to optimize the array design while accounting for the following:

• requirements for spacecraft structure stiffness and strength, spacecraft
instrument fields of view and navigation;

• minimizing the stowed launch volume, the number of drive motors, and the
overall complexity of the design; and

• maximizing the ease (simplicity) of deployability, array packing (solar cells
per unit area) efficiency, and array specific performance.

Comment No. 6-10

The only perceived advantage of the 2001 primary launch opportunity is that the
Cassini spacecraft would not execute an Earth swingby maneuver, thus alleviating the
need to address potential environmental impacts that could occur in the unlikely event
of reentry during an Earth swingby.  It should be noted, however, that the 2001 launch
opportunity employs a Venus-Earth-Earth-Gravity Assist trajectory as a backup.  In the
unlikely event that the spacecraft could become uncommandable any time after



RESPONSES TO COMMENTS
Commentor 6:  Marc M. Cohen

E-97

injection and before Saturn Orbit Insertion, the probability of a long-term Earth impact
is estimated to be about 1.7x10-7, or about 1 in 5,800,000.  For additional details
regarding the long-term impact scenario, see chapter 4.1.5.2 of the 1995 Cassini EIS.

Additional details regarding the 2001 mission are addressed in the Section 4.2,
third paragraph of this Final SEIS, and Chapter 2 of the 1995 Cassini EIS.

The 2001 launch opportunity requires substantial spacecraft propulsion system
design changes, and is minimally acceptable with respect to the science objectives.

Also, solar power is not a viable alternative to RTGs for the Cassini mission (see
Section 2.1.4 of the Draft and Final SEIS, and response to comment 1-1).

Comment No. 6-11

The environmental and nuclear safety assessments conducted for Cassini are the
most comprehensive and rigorous studies ever conducted for any space mission.

Comment No. 6-12

Copies of the recently available SARs (LMM&S a-j; EG&G 1997) have been
forwarded to the commentor.
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Comment No. 7-1

Comment noted.

Comment No. 7-2(a)

Please see  response to comments 2-9, 2-10, 2-11 and 6-7. 
Copies of the recently available Safety Analysis Reports (SARs) (LMM&S a-j;

EG&G 1997) have been forwarded to the commentor.

Comment No. 7-2(b)

Please see  response to comment 2-18

Comment No. 7-2(c)

As part of the failure analyses conducted for the Cassini mission design, various
spacecraft failure modes were examined for their potential to adversely affect the
functionality of the spacecraft and cause a mission failure.  The Cassini spacecraft
electronics have been especially selected and/or built and packaged into the spacecraft
to improve their resistance to and protection against radiation damage during its flight.
 The radiation field emitted by the RTGs and RHU’s is also taken into account in this
design- and-build process for both the spacecraft and spacecraft instruments.

Refer to the 1995 Cassini  Environmental Impact Statement (EIS) Supporting
Studies Volume III (JPL 1993 b).

Comment No. 7-2(d)

Please see response to comment 6-10.

Comment No. 7-2(e)

Please see  response to comment 6-8.

Comment No. 7-2(f)

All of the Pu-238 used for Cassini is of domestic (U.S.) origin.  The Department of
Energy has prepared separate National Environmental Policy Act (NEPA) and safety
documentation for each facility involved in the processing of Pu-238.

Comment No. 7-2(g)

Only potential cleanup costs are addressed in the Draft and Final SEIS.
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Comment No. 7-3

Please see response to comments 1-1, 2-1 and 2-2.

Comment No. 7-4

Comment noted.

Comment No. 7-5

Comment noted.
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Comment No. 8-1

Launches of radioactive materials from Kennedy Space Center (KSC) or Cape
Canaveral Air Station (CCAS) require special planning to address the presence of
radioactive materials and the potential for accidents involving those materials. 
Accordingly, for Cassini, radiological contingency plans are being developed by
NASA/KSC and USAF/CCAS to address specifically the initial response that would be
required in the unlikely event of an accident affecting the launch site.  Similar plans
already exist at the State and county (Brevard) levels in Florida, and are in the process
of being updated for the Cassini mission.   Planning activities have been accomplished
in concert with representatives from the State of Florida Division of Emergency
Management, Office of Radiation Control, and Emergency Management and Public
Safety representatives from Brevard County.  The NASA/USAF and State of Florida
plans are also being closely coordinated with the DOE, which maintains its own set of
emergency response instructions for radiological accidents of many kinds, to ensure a
coordinated initial response to any accident.   Additionally,  NASA/KSC and the
Department of Energy (DOE) are coordinating closely with the State of Florida on
development of recommended protective actions that could be implemented in the
unlikely event of a release of radioactive material, both for the launch site and for the
general public and affected areas .   The plans under development include coordination
of public affairs information with public media, sophisticated predictive modeling tools
to assist in the emergency response, and the predeployment of significant resources
including people and equipment.  A tabletop walkthrough and a command post
exercise are planned prior to the launch, to ensure that the multiple plans being
developed mesh together to provide a unified response plan to a launch accident with
the potential to release radioactive materials.
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Thank you for your letter.
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Comment No. 10-1

NASA’s and the Department of Energy’s extensive analyses of both launch and
Earth swingby accidents that could potentially result in a release of plutonium dioxide,
indicate that only a small fraction of the 73 pound inventory is likely to  be released. 
The analyses of potential accidents indicate that there are no credible scenarios that
could result in a complete release of the full inventory on-board the Cassini spacecraft. 
The consequences of potential releases have been provided in the Table 4-2 of the Draft
and Final Supplemental Environmental Impact Statement (SEIS).
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Comment No. 11-1

Please see  response to comment 2-1.

Comment No. 11-2

Please see  response to comment 2-2.

Comment No. 11-3

Please see  response to comment 2-3.

Comment No. 11-4

Please see  response to comment 2-4.

Comment No. 11-5

Please see  response to comment 2-5.

Comment No. 11-6

The Cassini mission is an international scientific mission for peaceful purposes
and has no “military goals.”  The objectives of the mission have been addressed in
Section 1.2 of the Draft and Final Supplemental Environmental Impact Statement (SEIS),
with further details provided in Section 1.2 of the 1995 Cassini EIS.  Briefly stated, the
Cassini mission involves a four year tour of the Saturn system to scientifically
investigate the planet, its rings, satellites and magnetosphere.  The commentor has been
provided with a copy of the 1995 Cassini EIS, and this Final SEIS.

Comment No. 11-7

Please see  response to comment 2-7.

Comment No. 11-8

Please see  response to comment 2-18.

Comment No. 11-9

Please see  response to comment 2-9.
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Comment No. 11-10

Please see  response to comment 2-10.

Comment No. 11-11

Please see  response to comment 2-11.

Comment No. 11-12

NASA makes no claim that there is a low, safe level of plutonium exposure.  All
potential doses were considered in estimating the accident consequences reported in the
Draft and Final SEIS.

Comment No. 11-13

Please see  response to comment 2-13.

Comment No. 11-14

Please see  response to comment 2-14.

Comment No. 11-15

Please see  response to comment 2-15.

Comment No. 11-16

Please see  response to comment 2-16.

Comment No. 11-17

The Cassini mission sets no precedent.  It would be the 25-th mission since 1961
to be launched with nuclear power sources on board.  For additional details, refer to 
Table 2-2 of the 1995 Cassini EIS.

Comment No. 11-18

Please see  response to comment 2-18.

Comment No. 11-19

Please see our response to comment 2-19.
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Comment No. 11-20

NASA has not rejected such studies.  The analyses reported in the Draft and
Final SEIS took into account all potential doses in estimating accident consequences. 
The Draft and Final SEIS report only results without de minimis, i.e. the estimated
consequences reported account for all potential doses received.

Comment No. 11-21

Please see  response to comment 2-21.

Comment No. 11-22

The psychological impacts to the general population of a potential accident
involving release of plutonium dioxide are not within the scope of the National
Environmental Policy Act (NEPA).

Please also see  response to comment 2-22.

Comment No. 11-23

Please see  response to comment 2-23.

Comment No. 11-24

Please see  response to comment 2-24.

Comment No. 11-25

Please see  response to comment 2-8.

Comment No. 11-26

Please see  response to comment 2-26.

Comment No. 11-27

Please see  response to comment 2-27.   NASA and DOE have no knowledge as to
whether the Russians have recovered their own radioisotope power source from Mars
96.

Comment No. 11-28

Please see  response to comment 2-28.
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Comment No. 11-29

Cassini does not set an example.  There is a successful history of the use of
plutonium dioxide - fueled RTGs onboard U.S. spacecraft as noted in the response to
comment 13-1.  The environmental consequences of the Cassini mission have been
addressed in the June 1995 Cassini EIS and the Draft and Final  SEIS.

Comment No. 11-30

Please see  response to comment 2-30.

Comment No. 11-31

Please see response to comment 2-31.

Comment No. 11-32

NASA has included all members of the potentially exposed population in
estimating the consequences of a potential accident involving the release of plutonium
dioxide.   The increased sensitivity of women, fetuses, and infants to low level radiation
with respect to detrimental effects (fatal cancers, non fatal cancers, and severe
hereditary effects) has been addressed by ICRP-60.  The recently available Safety
Analysis Reports (SARs) (LMM&S a-j; EG&G 1997), referenced in the Final SEIS used
the health effects estimator from ICRP-60.  The SARs have been forwarded to the
commentor.  See also response to comment 2-12 (c).
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Thank you for your letter.  Request noted.
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Comment No. 13-1

The comment appears to imply that all five of the cited missions/spacecraft
deposited plutonium into the atmosphere.  This is not correct.  Of the five spacecraft
cited in the comment, the Transit BN-3 in 1964, Nimbus B-1 in 1968, and Apollo 13 in
1970 were U.S. spacecraft and carried earlier generations of RTGs.  (Cosmos 954 and
Mars 96 were Russian not U.S. spacecraft, with Cosmos 954 carrying a reactor).

The three U.S. missions cited were part of the total 24 U.S. missions to date to
carry RTGs.  A complete listing of all U.S. missions to date can be found in the Table 2-2
of the 1995 Cassini Environmental Impact Statement (EIS).  Of these three missions, two
involved accidental reentrys (Transit BN-3 and Nimbus B-1; Apollo 13 was not an
accidental reentry, as is well known through the recent movie of the same title.)  The
early design SNAP-9A RTG on board Transit BN-3 burned up upon reentry as noted in
the comment.  This early type of RTG was designed to burn up under these conditions. 
The two SNAP-19B2 RTGs onboard Nimbus B-1, and the SNAP-27 onboard Apollo 13
performed as designed, did not burn up, and fell into the ocean intact.  The two SNAP-
29B2 RTGs were recovered, and the SNAP-27 lies at the bottom of the Tonga Trench in
the Pacific Ocean.  Of the total 24 U.S. missions to date, only those three were not
successfully completed.  In each case, the malfunction was neither caused by nor related
to the presence of RTGs on board.

Cassini carries the current generation RTG design - the General Purpose Heat
Source.  This generation RTG is designed to survive reentry from Earth orbit without
release of the plutonium dioxide inventory.  For additional details regarding RTG
design, see Section 2.2.4 of the 1995 Cassini EIS.

Comment No. 13-2

Please see response to comment 6-2. 

Comment No. 13-3

The comment cites the results of the preliminary analyses performed for the 1995
Cassini EIS, not the updated analyses upon which the draft and Final Supplemental
Environmental Impact Statement (SEIS) were based.  The “5 million” people exposed to
radiation, presumably as a result of an Earth swingby accident, was cited in the 1995
Cassini EIS as 5 billion worldwide receiving some level of radiation exposure.  A
swingby accident of the type analyzed for the Draft and Final SEIS would potentially
result in exposure of about the same number of people.  In this accident scenario, only a
tiny fraction of the released plutonium would be breathed in or consumed and retained
by humans.  The small amount that would be taken in and retained by people would be
distributed among approximately 5 billion people. Over a period of 50 years, on the
average, individuals would take in less than one trillionth of a gram and receive less
than 1 millirem of radiation.  Over the same period of time, individuals would be
exposed to approximately 15,000 millirem from natural background radiation.
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The 2,300 health effects cited by the commentor was the estimate developed for a
swingby accident.  The recently available Safety Analysis Reports (LMM&S a-j; EG&G
1997) estimated the mean consequences as 120 health effects.

The overall probability of an accident resulting in a release from the RTGs and
RHUs is about 2.8x10-3 or about 1 in 360.  The probability of an Earth swingby reentry
accident resulting in a release is less than 1 in a million. 

Please also see response to comment 6-2.

Comment No. 13-4

Please see  response to comment 1-1.
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